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TO  THE  BINDER. 

The  Ihrce  'large  folding  Plates  numbered  Plate  1,  PL  2,  aod  PL  3,  «i- 
gravedfrom  Tranf.  R.  S.  are  to  be  placed  along  with  Plate  13.  There 
are  no  Plates  numbered  9,  10,  11,  12,  thefe  three  Quartos  fupplying 
'lb«ir  Place. 
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ARTICLE    I. 


On  Mr  C'™>^  (if  fii'fj  Riiist.    {l<t  JowH  Goi 


SIR, 


n.  Mr.  N1CH0L50X, 


X  OU  piil>liftL-d  in  ll>e  All!  [ia{;«  oi  jtiur  ninth  volume  in  !> 
(.fi,....,  :,  t^.i^,  I,,  -nt.  riooi  the  R«.  junathatt  Wtlfuo.  x 
'  li  lli«  -jpfKanuicc  of  a,  putclj  t>(  g 
i  lixn  op  t))-  tigbining  wai  dcfciil 
I  <  I    i<iia  inj^eniiMU  and  atxuiale  gcntleu 

(iiuciii^-J  in  ll.iuw  l>Ktit  00  liietinUirdl  hifiury  iX  rmiry-rii 
[iitividctJ  tbey  were  cimltnuedt  Uhl  in  ihii  citpcAnliont  I  ti 
(lie  libaty  in  a  tnXu  ftibjwited  (o  l^  Dn|)/  of  bU  lettn  f 
b)'  you,  (o  rMfiKft  \\u  (nlora  remarlct  m  ihc  (ubjcd,  dm 
from  Tcpcalcil  tnrpeduin  oF  Uia  ploce  nlTcdr^  by  Ihr  fi 
iiing.  Thi-(otIuiirli)K>tauexlniduruleiii;r  rr«Kii  Mr  J 
kxcjUiiiin^  iiil  tibrciTiitiiMi    reUliK  tn    llic  luliroquvnl  i 
|i«nui(Vi  vi  iKc  pAldi)  Willi  roine  (liODj^hli  wIticJi  aic  c 
luiiil;  an  improvetncnt  in  one  iIk»t)- af  Tulry-rin);',  Uiat  I 
icceivcd  ilH-patjOfnti'enf  r<>tiic  wnicn.    TIrii  htiHir  ii 
S'ovembM   I,  tails,  uut  altet  fnui:  prdatory  sutltet,  |il 

CFWl*  IImIIj 


2  FAIRY    KINGS. 

Mr.  WUibn*!  '*  In  confequence  of  your  elleeraed  favour  of  ihe  I-tlh  ©f 

remarks  begin,    ^uguft,   ISOi,  1  went  on  llie  2nd  of  September  following, 

lo  view  (he  place  which  the  lightning  had  Oruck,  being  ac« 

The  place  not     companied  by  the 'farmer  of  (he  groand.!(.     The  atfeded  fpol 

eafytobcfound.^3S  n^,t  jh^,,  very  cafy  to  be  diflinguiftied,  as  the  injured 

Ihiftles  were  generally  overtopped  at  the  time,  but  we  liad 

no  doubt  of  its  true  fituation,  upon  finding  the  place  wliere 

Slight  veftigei    we  formerljr  dug  in  purfuit  of  the  Imaginary  Hone.    Some 

•f  die  lightning^ ^j^  grafs  appeared,  but  it  was  confined  to  the  fpace  within 

which  the  roots  had  been  plowed  up  by  the  electric  fluid. 

The  verdure  was  undoubtedly  brighter  about  the  hole,  and 

the  farmer  was  willing  to  attribute  the  flourifliing  ftate  of 

this  circle  of  herbiiage  to  the  lightning ;  but  for  my  part, 

I  afcribed  it  to  what  had  dropped  from  his  cows,  rather  than 

any  thing  that  had  fallen  from  the  clouds. 

Thefe  veftiget        *'  I  have  not  been  able  to  perceive  (he  lead  difference  be- 

aot  pemunent.   ^^^^  ^^^  p^^^j  ^^^^.j^^  ^^^  th<i  reft  of  (he  field,  during  the 

courfe  of  the  prefont  year ;  my  obfervations  muft  therefore 
be  acknowledged  not  to  luvour  the  hypoihefis,  Vvhich  fuppofcs 
fairy-rings  to  be  formed  at  .'iid  by  lightning. 
Tbeezplanadon      *'  I  never  faw  a  fairy-ring,  and  therefore  may  feem  badly 
by  g^bsioiP      qualified  to  write  on  ihe  fubjc^l ;  but  from  what  I  have  read, 
ft  appears  to  me,  that  the  circle  of  decayed  grafs  is  caufed 
by  the  innumerable  grub<:,  which  are  faid  to  lay  concealed 
under  the  ring  among  the   roots  of  the  herbitage ;  I   alfo 
,  luppofe,   (hat  the  fungufes  commonly   feen  on  iairy«.rings, 
give  a  preference  to  (hefc  circles  on  account  of  the  abundauce 
of  dead  vegetable  matter  to  be  found   in   them;    amongft 
which  various  fpecias  of  fungi   are  known  lo  grow.     To  this 
I  may  add,  that  the  interior  circle  of  dark  green  grafs  is 
owing  to  the  dung,  and  ploughing   of  thofe  animals  in  ihe 
preceding  year ;  and   the  reafon  wbidi   compels  thefe  grubs 
or  their  otfspring  to  pufh  forward  from  Ihe  centre,  fecms  lo  be 
this ;  every  creature  we  know  of  lias  an  averiion  to  wuking 
in  its  own  excrement,  or  that  of  its  own  fpecies." 
Reae^ionton        The  obfervations  of  Mr.  Wilfon,  Haled  above,  feem  to 
^^^  o  enra-    jj^Q^Qofii-s^^e,  that  a  patch  of  herbage  is  not  invariably  con- 
verted mlo  a  fairy-ring  by  a  powerful  Aioke  of  lightning ; 
confequently  if  eledric  difcliarges  from  the  atmoi'pbere  be  ti^ 
primary  caufes  of  thefe  drdes,  they  require  the  aifi fiance  of 
lume  peculiarity  in  the  foil  to  give  peimaiieacy  to  tlie  appear. 

ance. 
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ante.      Moreover  the  circular  figure  of  Ihefe  l^^enbmena  DJfficulries  o^ 
embarraffes  ihe  cledlrical  hypothefis  with  a  fccond  difficulty ;  theory. 
for  Ihe  trafts  of  difcoloured  grafs,  actually  produced  by  lighU 
nlnjj,  are  but  feldom  bent  inio  ringsj  as  they  more  frequently 
aflbme  a  zigzag,  or  elfe  a  ramified  form«  and  are,  I  believe, 
of  but  fhort  duration  ;  which  (licws,  tbe  roots  of  the  herbage 
are  not  deftroyed,  ohiefs  where  the  earth  is  torn  up*    Ttie  Fuigl  not  tJis 
theory  wliich  allribulcs   thefe  circles  of   withered  grafs   to  <^*"f«  o^  ^^'7 
the  running  of  a  fungus,  has  little  or  no  foundation  ;  becauic 
thefe  imperfeft  plants,  generally  fpeaking,  attach  thcmfelvcs 
Id  dead  vegetables,  c^onfequently  their  prefence  in  (airy-rings 
11  nothing  more  than  an  appearance  which  is  fubfequent  Ip 
Ihe  dedrudion  of  the  herbage  upon  them.     As  for  the  lively  Superior  yerfurt 
verdure  of  the  grafs  on  the  interior  edges  of  thefe  circles,  °^  ,^|^^|°^ 
I  believe  it  may  be  explained  upon  general  principles,  with* 
out  tbe  agency  of  lightning  or  fungi.     For  if  the  herbage  oif 
a  patch  of  ground  be  deflroyed  root  and  branch  by  a  caufe 
which  does  not  remove  the  remains  of  it,  the  place  will  be 
covered,  in  procefs  of  time,  with  a  freQi  crop  of  plants,  pof^ 
fetfing  fuperior  luxuriancy  arid  verdure.    The  caufes  of  this  Dead  pUnts,  &c« 
vigorous  vegetation  appear  to  be  the  following;  the  ^^^ad"*!!^^ 
roottf  and  flems  rot  and   manure   the  foil  which  produced 
them :  (his  fuurce  of  fertility  receives  an  additional  fupply 
from  a   fucccfllon  of  fungi,  which  grow  and  decay  on  the 
furface  of  the  ground;  as  well  as  from  lh5  excrement  and 
exuvia  of  the  grubs,  which  take  up  their  abode  among  the 
withered  roots ;  laflly,  the  foil  is  rendered  more  porous  by  The  air  in^ 
the  decay  of  the  vegetable  remains,   and  thereby  become*  J5**^"  ^"* 
more  permeable  to  the  air,  which  increafes  its  fertility  not  a  on  the  roots, 
little.     The  lad  pofition  feems  to  be  confirmed  by  the  biir^ 
comftance  of  plants   thriving  better  in  unglazed,    thah  In 
glased  flower  pots.      Tbe  following  faAs  may  be  adduced  pq^^gft^*  . 
ineorroboralionbf  what  has  been  here  advanced.  A  fmall  piece  P'^'^      •  • 
of  groand  was  covered,  in  June,  with  conimon  fait,  which  hacf   ^^^* 
been  rubbed  upon  the  corps  of  a  drowned  man  ;  the  herbage 
of  this  plac^  died  in  a  (hoK  time ;  but  ^ai  fucc^cdeti  the 
next  fammerby  a  new  crop,  the  verdure  of  which  diftinguiOicd 
it  for  fome  ybar*  from  tbe  furrounding  grafs.    As  cofnindn     ^ 
lalt  is  efteemed  *  manure,   perhaps  the  following  Initdnce       '•'. 
will  be  called  preferable   to   the  former.  .  Many  woods   iu 
this  country,  efpecially  thofe  aboiit  tVindermcrej   ar«  cut 
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down  about  once  in  fourleen  jean,  and  convefteJ  inM 
charcoal,  for  the  ufe  of  llie  iron  worVs.  This  is  done  by 
lluowin^  (he  braiiches  iiilo  large  heapt;  wliidi  are  tlln 
covered  wilh  giofii  turf,  and  fft  on  (ire.  Thcfe  pile*  of 
wood  continue  burning  fgr  Teveral  days,  in  confequenco  ol 
whiclii  (be  root;  ill  ihegruiind  beneath  ibem  aic  cumplclclj 
charred;  and  (hi;  pii-flcad,  as  (he  place  h  called,  ban  nt 
verdure  left  upon  it.  The  loTt  however  is  repaired  in  Um 
courfe  of  a  few  years  by  nadire  herfelF,  where  art  does  noi 
interfere,  and  the  rpul  'n  clothed  with  a  frefli  coal  of  herbage. 
confiding  of  litrhs  remarkable  for  their  fiae  and  llouridiing 
appearance.  This  inHance  of  vigorous  vege(a(ion  on  grount 
Ibat  has  been  completely  burned,  in  all  pr[)babili(y,  ii  occa 
lioncd  by  the  lixturc  of  the  foil ;  which  h  adapted  (o  reUir 
moidutc,  and  admit  (he  air ;  unlefs  we  fuppofe  the  ineonuji 
lible  fubHancc  of  charcoal  to  afTurd  a  Tpecies  of  manure. 

The  preceding  hints  may  perhapi  incite  fomeof  yourresulei 
tofludy  the  natural  hiflury  of  Tiiiry-ring^i  wilhgrea(erdili){enct 
afpeci^ly  (o  fearch  after  the  true  caufe  which  blafis  ihefe  c 
cles;  for  when  this  is  difcovered,  we  lliall  be  able  li 
tbeni  with  fuperior  verdure,  on  rational  principles. 
I  remain,  &c> 
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Okjitvatiov  on  the  Jin^ular  Figure  il'  tke  Ptami  Sati 
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Eiimisttion of  ^  HERE  U  not  pcrhapi  another  objefi  in  the  heavsnt  (h 
the  Arikii^stie-^rcfents  ui  wi(b  fuch  a  variety  of  extraordinary  phenomei 
^«*S«um  "'"leplan*;' Saturn:  a  laagn.licent  globe,  encompafied  b> 
flapendous  double  ring:  attended  by  feven  (a(elb(cs:  orr 
menled  wi(h  e()uatarial  bells:  coinprelTed  at  the  poles:  tui 
ing  upon  iti  aus:  mutually  eclipfing  its  ring  and  falellitet,  a 
ecli'pfed  by  them:  the  mod  difiani  of  the  rings  alfo  tami 
upon  its  axis,  and  llie  fame  lakmg  place  with  the  latibeft 
the  (slellhes :  all  (he  paru  oi  tite  f)  tleni  of  Saturn  occadona 
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fdlaAiag  Ifght  to  «Kh  other :  the  ringi  wniwomi  WiHUJMitfng 
Ihe  nighu  of  the  Silonilaii :  the  giobe  wnd  frteilHei  enlight^ 
ening  the  duk  partt  of  Ihe  r'mgt:  «nd  the  ptenet  mnd  rhigt 
throwing  beck  the  fiia'i  hetmi  upon  the  moent*  when  Ibey 
are  deprived  of  them  at  the  time  oF  their  coDJuiftioiit. 

It  muft  be  eooAded  that  a  detail  of  circwnfianoet  Kkethefe^ 
appears  to  leave  haidljr  any  room  for  addition,  and  yet  tho 
ibilowmg  obfervations  will  prove  that  there  tt  a  ingahrity 
4eH,  which  difttngoiOiei  the  igim  U  Saturn  fron  that  of  aB 
4be  other  planets. 

It  has  already  been  mentioned  on  a  former  occafion,  ttat  U^iaMf  tblMi* 
fiir  back  as  the  year  1776  I  perceived  that  (the  body  of  8irtam 
was  not  exaAly  round  |  and  when  I  found  in  the  year  1781 
-^hat  it  was  flattened  at  the  poles  at  leaft  as  Butch  at  Japilart  i 
was  infenfibly  diverted  from  a  moce  critical  attention  to  the 
reft  of  the  fiffire.    Prepofleded  with  its  being  fpberoidical,  I 
meaiared  the  equatorial  and  polar  diameters  in  the  year  1709, 
and  fuppofed  there  could  be  no  other  particularity  to  remark 
in  the  figure  of  the  planet.    Wlien  I  perceived  a  certain  irre-  itealbit  why  tfat 
golarity  in  otlier  parts  of  the  body,  it  was  generally  aferibed  Plater  ptcaliari- 
to  the  interference  of  the  ring^  which  prevents  a  complete  view  ^^^^[{^^^[S 
of  its  whol^  contours  and  in  this  error  I  might  ftill  ha^  re* 
tnained,  had  not  a  late  examination  of  Ihe  powers  of  my  ten- 
feet  telefcope  convinced  me  that  I  oaght  to  rely  with  tha 
greeted  confidence  upon  the  truth  of  its  repreiientations  of  the 
mod  minole  db^s  I  infped^ed. 

The  following  «Mervatiofis,  in  which  the  Angular  figure  of 
Saturn  is  fully  inveftigated,  contain  many  remarks  on  the  refl 
of  die  appearances  that  may  befeen  when  (his  beautiful  planet 
is  examined  with  attention  %  and  though  they  are  not  imme* 
diately  necelTary  to  my  piMent  fut^ed,  I  thought  it  right  to 
retain  them,  as  they  (how  the  degree  of  diflindneis  and  pre- 
diion  of  the  aiSion  of  the  telefcopci  and  the  deamefs  of  the 
iatmofphere  at  the  time  of  obfervation. 


April  1 2$  1 805  •    With  a  new  7*feet  mirror  of  extraordinary  y^^  perfect  ob- 
diftind^nefs,  I  eicamihed  the  pkmet  8atnm.    The  ring  refleds  ftrvation,  in 
i|iore  light  than  the  body,  and  with  a  ))oWer  of  570  the  colour  ^u*ll,fc,^ce*'w 


ai  the  body  becomes  yellowifh,  while  that  of  the  ring  remains  feen  to  be  flat- 
tened in  ' 
regoai* 


more  wbile.    T^  >givQi  \\%  an  opportunity  to  dtftinguifh  the  ^^  ^^  ^°' 


ring 


►t:*- 


^  All^VILlC   Or^TBt   PMI^U  SATVEII, 

i^ini'ftlMlllQkMjIt  in  that  part  where  it  iWiBi^  the  diflc,  hy 

ui^lllim,<^ .tb^^iBS^rWce  in  Cbe  cqIqih;  of  the  refkaed  light    I 

fijjir.  thft:  qninUpl^  beh»  aod-  the  Qatteoing  of  &be  body  at  the 

l^olur  r<i^ion^;:  I/Oould  alfo  perceive  thj^.  vacant  fpace  between 

thetwQfiogi.    . 

Obfenrations  on . .  TUm  .fiatl^iiig  cif  the  polar  regiqqa  it  not  in  that  gradual 

^T"  n\J^^^  «Ninn^  M  with  Jupiler,  it  feems  not  to  begin  till  at  a  high 

figure  is  afccF-  MAttdfhi-«nd  dbece  to  he  more  liiddea  than  it  is  towards  the 

t^Qcd.  ^1^  qf  JfupUer*  '.  I  have  oAeii  fl«ade  the-  fame  obfervs^tioQ 

before,  but  do  not  remember  to  have  recorded  it  any  where* 

<   April,  4^;  teR-feet  refle^or,  power  S00»    The  air  is  very 

imMllahlef  iw4*I  fe^.  the.planet  extremely  W9U  defined.    The 

OkvIow  of 'the  ring  is  veicy  black  in  iti  ^(«nt(  over  the  di(H 

foplJi.^  the  ringf  where  I.  i«e  it  allLtbe  way  with  great  dif- 

4ilidiie(i..i .  

.    The  afual  belts  are  on  the  body  of  Saturn ;  they  cover  a 
jMch  iargeir.  zo^c  than  the  belts  on  Jupiter  generally  take  up, 
tft;iiiay  be  feen  in  the  (igore  I  have  given  in  Plate  L  ;  and  alfo 
iP4«  former,  reprefentaliop  of  the  fs^me  belts  in  1794.^ 

Thi?.  figure  of.  the  body  of  Saturn,  as  I  fee, it  at  prefent,  is 
ly^tainljr'  diSorent  from,  the  fpberoidicai  figure  of  Jupiter.  The 
oqrv^^ure  ifigreatefl  in  a  high  Is^itude. 
:  )  tM9H  0.  nieafure  of  the  Situation  of  the  four  points  of  the 
gre%teft,  curyaturoj  with  my  angular  micrometer^  and  power 
507^  Wb^n  the  c(oiis  of  the. micrometer  pa(ied  through  all 
the  four  points,  the  angle  which  gives  the  double  huitude  of 
two  of  the.pffiots,  one  being  north  the  other  fouth  of  tlie  ring, 
or.equator»  was  93^  \6\  The  latjtude  therefore  of  the  four 
pseiMs  is  46^  38' ;  it  is  tiiere  the  gisp^teA  curvature  takes  place. 
.  As.  peithier.  «f  4he  qrofs^nnrei  cap,brti^  the  parallel*  ijL  makes 
the  meafiire  fo  dt$cu|ilQtakew  that.very  great  accuracy  cao^ 
sol  ha  expefitedi 

^  The  moft 'Aprthero  be)t  cvWMi  upto  tbepjaoe  where  the 
ring  of  Saturn  palfes  be.htfMi tl^bodyi^ htt4.the.bek isheni  in  a 
contrary  diredion  being  concave  to  the  north,  on  account  of 
its  croOing  the  body  oin  the  iide  turned  towards  us,  and  the 
^rthpobiheioguiiviiesw.    .        ,  ....    i- 

Tbereis  aittry  dark^  but  narrow  Jhaidow  of  the  body^upon 
the  ftjtowing.part/ofvthe.  ring^  which  asit.^ereceicQff  the 
iiiig.firD||iith^ApAy«  ...  rili  > '.  .-  :.<  >.«  //   .  j,  >    u 

'^'Scc^Sl'TranhfoVnfl'^i  1?^^^  '  ' 

The 


•.  \. 
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■ 

ThefliBdow  of  tke  rinip  oD  tho  body,  whidb  I  (te  tefkefmorvidbflt 
tbe  rii^  grom  a  IilAl«  broader  on^both  fides  near  tbemarvk)  ^tnni,  br 

The  divifioQ  between  the  twe  rings  in  dark»  like.tbe  vaoant  cextaiixdi 
fpace,  betereep  tbe  aQfe*  bal  not  black*  like  Ibe  (hadowi  have 
deCchbed. 

Theie  ar^  foarfalelliteaoo  the  preoadingfide  near  the  r»g; 
the  brfeft  and  another;  are  eocibrprecediDg^  the  other  tftf# 
am  nearly  pre^iag. 

April  19;  i  viewe4  tbe  planet  Saium  with  a.neiVi7..felit 
telefcope,  both,  mirrors  of  wiiic;h  are  very  perfeA*  I  Qm^tU 
the  phenomena  at  defcribed  laft  night»  except  the  blellitei^ 
which  had  changed  their  fituatjon  ;.  (bar of  tbeai  being  on  the 
iollowing  fide*  This  telefoope  however  is  not  eqael  40-1110 
lO-^ieei  one. 

The  renarkaWe  figace  of  Saturn  admittef  ao  dodfal :  inbeu 
our  particular  attentioiv  it  once  draim.  to  an  objed,  we  te 
things  at  iril  fight  that  would  otherwise  have,  eibaped  our 
noticew 

10-feet  reflcAor,  power  400.  The  night  it  beaatifoUy 
dear,  and  the  planet  near  the  meridian.  The  fignie  of  Satani 
if  (boewhai  lihe  a  Iqoare  or  rather  parellelogmm^  with  the 
<our  corners  rounded  off  deeply,  but  not  fo  auidi  aa  to  faring 
it  to  a/fAereid*    i  fee  it  in  perfefiion« 

The  ^r  fiUellites  thai  were  laft  night  en  the  precedin^i 
aie  now  cm  the  followiiig  dde,  and  are  very  bright. 

I  look  a  meafare  of  (he  pofition  of  the  four  points  of  the 
greateft- oarvature,  and  found  it  9i^  29'.  This  gives  their 
^titude  45^  44',5.  I  believe  (his  meaibre  to  be  pretty  ao» 
curate.  Lfet  firft  the  fixed  Uiread  to  one  of  the  lines,  by  keep* 
if^  the  north-preceding  and  ibuth-following  two  points  in  the 
thread ;  then  adjoAtd  (he  other  thread  in  the  fame  manner  to 
the  foaib-precedin^  aed  north-following  points. 

May  5,  1 805.    I  direded  my  2a.feet  telefoope  to  Satom^ 
and,  with  a  power  of  aboat  300,  faw  the  planet  perfediy  wdl 
definefJL  >  the  evening,  being  remarkably  clear.    The  ihadow  of 
the  ring  on  the  body  is  quite  black.     AUithe  other  phenomena  . 
ace  very  4liAin& 

The  figure  of  the  pbnat.it  caslainly  npt  ij)heroidical,  like 
that  of  JMaiaand:  J^Mpite*   Xbccorvatoiie  i&Ic&on  the  equator 

and 


S)Ciiri>  by 
wbicb  III  lingu' 


L 


riCUKE  or  THI  FtAVST  satvrk. 

I  and  on  the  poles  ihao  a(  the  lalitaiic  of  about  45  dc)^ 
The  equatorial  diameter  it  however  corfirferably  grealer  than 
the  polar. 

In  order  to  have  the  leliimon^  of  all  my  inDrumenli,  nn  the 
fitbjefl  ai  (he  l>ru£tiire  of  rlic  planet  Saturn.  I  had  prepared 
the  W-fc«t  refledor  for  obferving  it  in  the  meridian.  I  ufcd  a 
magnifymg  power  of  360,  and  faw  iu  form  exafily  ai  I  had 
(em  it  in  the  10  and  W-feel  inflrumenM.  The  planet  is  flal- 
Icned  At  tlie  poles,  but  the  (pheraid  that  would  arife  from  ihit 
tUllening  is  modified  by  Tome  olher  ctulie,  which  I  fuppofe  to 
be  the  sttradion  of  the  ring.  It  rcfembles  a  parallelogram, 
-one  fide  whereof  Ji  the  eiiualorial,  the  other  the  polar  di»- 
Tttelcr,  with  ihe  four  corners  rounded  off  fo  at  to  leave  both 
the  equBtorial  and  polar  regioni  flatier  than  they  would  be  in 
Ihe  regular  Iphetoidical  figure. 

The  planet  Jupiter  being  by  thi*  lime  got  up  to  a  conO- 
deiabic  altitude,  1  viewed  it  alternately  wiih  Saturn  in  Ihe  10- 
ibet  reBc£>or.  with  a  poweror^OO.  The  outline;  of  the  figure 
of  Saturn  are  as  defcribed  in  the  obfervation  of  the  40-reet 
lelefcope  ;  but  ihufe  of  Jupiter  are  fuch  at  to  give  a  greater 
curvature  both  to  the  polar  and  equatorial  regions  than  laltes 
place  Bl  Iha  polei  or  equator  of  Saturn  which  are  compara. 
lively  much  flatter. 

May  12.  1  viewed.  Saturn  and  Jupiter  allemalely  vrilh 
m^  large  10-feet  telefLope  of  24  itKrhes  aperture ;  and  Taw 
plainly  that  the  fonner  planet  difers  niuch  in  £gure  from  the 
latter. 

The  temperature  of  the  air  is  fo  changeable  that  no  large 
mirror  can  aS  well. 

May  13.  lo.feet  refleflor,  power  3O0.  The  Ihadow  of  the 
ring  upoo  the  body,  and  of  the  body  upon  the  ring,  are  very 
black,  and  not  of  the  dulky  colour  of  the  heavens  about  the 
planet,  or  of  tiie  fpace  betwen  the  ring  and  planet,  and  be- 
tween ihe  two  lings.  The  north- folio  wing  part  of  Ihe  ring^ 
dole  to  the  planet,  is  as  it  were  cut  otT  by  ihe  Ihadow  of  Ihe 
body  :  and  the  lliadow  of  ibu  ting  lies  fouth  of  it,  butdofe  to 
the  projection  of  the  ring. 

The  planet  is  of  the  Ibrm  defcribed  in  the  oKervation  of 
the  tO-feet  IcIefcopB ;  1  fee  it  To  didlnAly  that  there  can 
be  no  doubt  ol'  il.    By  the  appearance,  i  (huuld  think  Ihe 
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fo6iCs  of  the  gicateft  conratnre  not  to  be  fo  for  north  as  45  pfcftmtfaqt  m 

"•Rf****  wMcfa  in  ii^^ 

The  evening  being  very  calm  and  clear,  I  took  a  meefoie  Ur  isMBt  k  n^ 

t»F  their  fileatioo,  which  givet  the  latHode  of  the  greateft  cur-  ^^"^^"^ 

vature  45o  21'.    A  fiecond  meafare  gives  43^  41' 

Jupiter  king  now  at  a  confideraMe  aUitode,  I  have  viewed 
it  alternately  with  Saturn.  The  figure  of  the  two  planett  it 
decidedly  difierent.  The  flattening  at  the  poles  and  on  the 
eqoator  of  Saturn  is  much  greater  than  it  it  on  Jupiter,  but  the 
curvature  at  the  latitude  of  from  40  to  4^^  on  JApiter  is  lefs 
than  on  Saturn. 

'  I  repeated  tbefe  alternate  obfervations  many  ttme^,  and  the 
oftener  I  compared  the  two  planets  together,  the  more  (Iriking 
was  their  diflbrentdrudure. 

May  26.  lO-feet  refiedor.  With  a  parallel  thread  mtcro* 
meter  and  a  magnifymg  power  of  400,  I  took  two  meafures 
of  the  diameter  of  the  points  of  greateft  curvature.  A  mean 
of  them  gave  64,3  divifions  =  1 1'^98.  After  this,  I  took  alfo 
two  meafures  of  ihe  equatorial  diameter,  and  a  mean  of  them 
gave  60,5  divifions  =  11^^27;  but  the  equatorial  meafures 
are' probably  too  fmafl. 

•  To  judge  by  a  view  of  the  planetf  I  (hould  fuppofe  the 
latitude  of  the  greateft  curvature  to  be  lefs  than  45  degrees. 
The  eye  wiH  alfo  diflinguiAi  the  difference  in  the  three  dia« 
meters  of  Saturn.  Tliat  which  pafles  through  the  points  of  the 
greateft  curvature  it  the  largefl ;  the  equatorial  the  next,  and 
(he  polar  diameter  is  the  fmalleH. 

May  27.  The  evening  being  very  favourable,  I  took  again 
two  meafures  of  the  diaroeler  between  (he  points  of  greateft 
curvature,  a  mean  of  which  was  63,8  drvifjons  =  11^,88. 
Two  meafures  of  the  equatorial  diameter  gave  61,3  diviiions 
x=  1 1'',  44. 

'  June  I .  It  oocurrcd  to  me  that  a  more  accurate  meafure 
might  be  had  of  the  latitude  in  which  the  greateft  curvature 
takes  place,  by  fetting  the  fixed  thread  of  the  micrometer  to 
the.  direction  of  the  ring  of  Saturn,  which  may  be  done  with 
great  accuracy.  The  two  following  meafures  were  taken  in 
this  manner,  and  are  more  fatisfadory  than  I  had  laken  before. 
The  firft  gave  the  latitude  of  the  fouth-preceding  point  of 
greateft  curvature  43®  26^;  and  the  fecond  43®  13^  A  mean 
of  the  two  will  be  43f  20^. 

June 


• 

bfprraiiQot.^  June  2.  I  viewed  Jupiter  and  Safurn  alternately  with  • 
'•"h^'ti  fi  magnifying  power  of  only  SOO,  that  the  convexity  of  iba 
, figure  ii at!'  eje-glaf^  might;  oqcafipn  no  deceptip;it  and  found  the  form 
iftauie4f,  of  the  two  planets  to  differ  in  the  manner  that  haiS  been  d&» 
fcribed. 

Witi)  200  i  faw  ihe  difference  M^ry  Dlajnly  ;  and  even  with 
160  it  was  fufficiently  vifible  to  admit  of.  no  doubt.  Tbefe  low 
powers  (liow  the  figure  of  the  planeta  perfe^ly  well»  for  as 
t)ie  iieki  of  view  is  enlargec),  aod  the  motion  of  the  objeds  in 
paffiog  is  le((ened«  we  ar^  more  at  liberty  to  fix  our  attention 
upon  them. 

I  compared  ihetelefcopic  appearance  of  Saturn  with  a  figure 
drawn  by  the  mealiires  I  have  taken,  combined  with  the  pro* 
portion  between  the  equatorial  and  polar  diameters  determined 
in  the  year  1789 ;  *  and  found  that,  in  order  to  be  a  perfedl 
refemblance^  my  figure  required  fome  fmall  reduction  of  tbo 
loQgeft  diameter,  fo  as  to  bring  it  nearly  to  agree  with  the 
pieafares  ^aken  the  527th.>of  May*  When  I  had  made  the  ne» 
ceffary  alteraiiont  my  artificial  Saturn  was  again  compared 
with  the  telefcopic  reprefentation  of  the  planet,  and  I  was  then 
fatisfied  that  it  had  all  the  corredtnefs  of  which  a  judgment  of 
the  eye  is  capable.  An  esB&  copy  of  it  is  given  in  Plate  IX% 
Tbe  dimenfions  of  it  in  proportional  parts  are, 

The  diameter  of  the  Krealeft  curvature        t        36 
The  equatorial  diameter    »        •        «.        •        35 
The  polar  diameter    -        *        *        •        •>        32  ■ 
Latitude  of  the  longed  diameter         •*  43^  20/ 

The  foregoing  obfcrvations  of  the  figure  of  the  body  of 
Saturn,  will  lead  to  fome  intricate  refearches,  by  which  tbo 
quantity  of  matter  in  the  ring,  and  its  folidity,  may  be  in  fome 
mcafure  afcertained.  Tiiey  alfo  afford  a  new  tnfiance  of;  thft 
effed  of  gravitation  on  the  figure  of  planets ;  for  in  the  cafe 
of  Saturn,  we  (hall  have  to  confider  the  oppofite  influence  of 
two  centripetal  and  two  centrifugal  forces:  the  rotation  of  both 
the  ring  and  planet  having  been  afcertained  in  fome  o£  my 
former  Papers. 

*  SwPhil,  Tnmf.  for  17^0,  page.  IT. 
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fa&s  and  Ohfirvaikma  on  the  medical  JUfpiraiiojir  of  gaseous 
Oxide  4^  Azote,    In  a  Letter  from  Dr.  Bso  does. 

To  Mr.  NICHOLSON, 
Sift. 

Dr.  Pfaff't  paper  on  refpiralion*  will  probably  draw  the  Dr.  Pfiiff «i 

atlention  of  the  fcienlific  towards  the  gafeous  oxide  of  ^MKOtef  ^J^||^!|^^* 
wbkh  bat  been  too  much  negleded  in  a  medical  pointy  of 
iriew.     I  was  only  ferry  to  fee  that  he  propofes  tq  ufe  it  in  Propoftsga 
melancholia^    No  combinatioii  of  ideas  can  be  more  obvious  ^^Jf^^},^ 
than  the  application  of  an  agent  which  hasfo  frequently  proved  Bu^ciM^ 
exbilaratingi  and  never  yet  been  obCerved  to  be  followed  by 
exbaudion  where  it  did  exhilarate,  to  a  complaint,  in  wbicb 
depreffion  of  fpir.ts  is  a  f^riking  circumftance.     But  I  am  ap« 
ptehenfive  that  the  fir  ft  thoughts  of  inexperience  here  (as  lo 
oAen  happens)  will  prove  illufory,  and  that  this  proje^  will 
jiot  be  followed  by  the  expe6led  advantage  in  many  cafea  of 
mdancbolia.     For  if  it  be  true  that  there  is  no  real  diftindioii 
between  mania  and  melancholiat  as  far  as  the  fepforiam  ia 
concerned,  and  that  the  vivacity  of  ideas  in  melancluilia  an* 
fwers  to  the  violence  of  mufcular  adions  in  mania,  as  I  ha^'e 
endeavoured  to  fliew  in  my  EflUys  on  Health;  is  there  not 
ground  to  apprehend  timt  the  aidtions  of  the  brain,  already 
too  ftrong,  will  be  increafed  by  this  gas,  or  the  difeafed  con* 
temptations  rendered  more  intenfe? 

If  there  be  any  ftate  of  melancholia  in  which  it  may  be  ofCaodoni  ag 
fervice,  this  will  probably  happen  when  the  nervous  fyftem  wj,^^"^"* 
falling  info  debility,  in  confequence  of  having  been  kept  tooory; 
much  on  the  ftretch. 

But  I  do  not  here  warn  againft  gafeous  oxide  from  mere  from  rxpoi 
theory.     The  manager  of  a  lunatic  afylum  near  Hri Hoi,  re-«^^' 
fpe^iably  known  (o  the  public,  concurred  with  me  feme  years 
ago  in  the  opinion  which  I  expreded  to  him  concemiug  its 
probable  advantage  in  melancholia ;  and  a  patient  that  had 
been  under  his  care  inhaled  it  fairly  without  benefit.     The  ad-C4fes* 
ipiniftration  was  tried  in  two  other  cafes  as  fruitlefsly  :  Indeed, 

f  fhilof.  JawpaU  XII.  249. 
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Xfi  ftvspiiiATroir  or  casbou*  oxidb  op  Az6Tf« 

I  difcontinued  it  in  one,  from  fonie  indications  of  an  aggravsK 

tion   of  the  fymptoms.     I  wat  by  this  time  alive    to  fur» 

^icinn,  havipg  thought  moch  on  the  fubjed,  and  reafoned 

royfelf  into  the  idea  that  it  woald  ofien  do  injury  upon  the 

above-mentioned  principle.    It  has  long  been  my  opinion, 

and  there  are  flrilcing  obfervalions  on  repord  to  prove  that 

hidrogen,    hidro-carbonate,   azotic,   or  carbonic  acid  gafes. 

would  be  more  lilcdy  to  anfMrer  in  adive  infanity  under  what<* 

evi^r  form.    Thefe  obfervations  t  (ball  lake  occafion  to  quote 

hereafter. 

Ufe  In  palfy  of       The  very  firft  time  I  witnefled  the  efiedls  of  gafeous  oxide 

***  '^^^         on  a  perfon  in  health,  I  concluded  that  it  would  be  a  remedy 

m  certain  cafes  of  palfy.     A  patient  who  had  emerged  from 

apoplexy  with  the  lofi;  of  the  power  of  one  (ide  of  his  body, 

was  accordingly  pat  under  a  cgurfe  of  the  gas.    The  refuU 

completely  anfwered  expedlation.    The  cafe  was  mod  care« 

iiilly  watched ;  and  on  withholding  the  gas.  the  fymptoroa 

repeatedly  grew  worfe,  and  vicr  xmfa.    After  the  patient't 

recovery,  he  was  kept  under  infpe^ion  for  a  confideraUe 

time,    and  did  not  relapfe.      This  has   been  confirmed  by 

6ther  refults ;  and  in  palfy,  where  the  brain  is  primarily  a& 

levied,  I  expert  that  Dr.  PlalF  will  find  either  a  cure  or  great 

relief  to  follow  the  ufe  of  this  gas  in  a  refpeflable  proportion 

of  cafes» 

fci  another  lUnd     I  have  very  fairly  trted  it  in  palfy  apparently  from  Gold« 

^  ?^y'  beginning  at   the  extremities  and  creeping  from  roufcle  to 

mufcle,  without  good  or  bad  efle£l.    Inhere  is  a  cafe  of  this 

kind}  related  by  Dr.  Kentifti,  with  the  patient's  name,  and 

'  corroborated  by  teftimony  fuperior  to  all  exception  in  Confi* 

derations  on  faSHtious  Mr$  (Joh^fon)  in  which  a  perfed  cure 

Of  ozigen,        ^ds  obtained   from  oxigen  gas ;    and  I  have  fince  learned 

by  experiments  carefully  repeated  before  various  philofophical 

obferver^,  that'  in  efftntial  rejpedst  oxigen  gas  and  gqfiaus  oxide 

aB  in  a  very  different,  nay  oppofite  mmmer  upon  the  living  Jibre, 

Thefe  experiments  I  hope  to  publiflfi  before  midfummer. 

From  palfy,  analogy  led  me  to. other  cafes  of  debility.     I 

folly  tried  gafeous  oxide  in  dropfy  of  the  cheft  (anafarca  of 

isdropiies^       the  lungs),  but  without  good  or  bad  effect.     I  was  much  dif* 

appointed,  conceiving  that  in  dropfy  (at  leafl  in  one  fpecies) 

we  have  a  paralytic  (late  of  the  lymphatics.     But  I  have  been 

fince  afTured  by  "a  phyficiani  that  ^r  fome  dropfies  he  has 


EBSFlRATIOlt  or   GASBOVt   OXIDt   OV    AtQtt^ 

C»id  aremedy  in  thb  gas«  There  are  dropfies  which  doubt- 
kTft  depend  on  exceCi  of  exheiant  adion.  Tbefe  are  eafiljr 
difiingQiflied ;  and  they  reqaire  Ueeding  as  mocb  as  pletirify^ 

la  debility,  arifing  from  refidence^in  hotclimatef  and  from  in  other  I 
ialenfe  applicatioD  to  bufinefs,  I  have  known  gafeoas  oxide  ^^^^^ 
completely  fuccefsfai  after  an  infinity  of  remedies,  Bath  and 
other  waters,  had  been  tried  in  vain. 

The  particohn^  of  thefe  caCes  are  alfo  deftiiMsd  for  poblica* 
tkm :  But  1  refolved  to  wait  for  (bme  years  after  the  ufe  oC 
lite  gas ;  for  I  have  found  that  a  fingle  circum(lance  vitiates 
a  large  prt>portioa  of  our  medical  records.  Patients  after  aa 
apparent  recovery  &!!  again  into  the  fatne  compkunt;  and 
there  are  other  coniideratioos,  which  I  Ihall  for  the  prefeot 
pafs  over* 

If  Mr.  PfiUF  afes  gafeous  oxide  in  palfy,  he  will  probably  GaiMt « 
Ibooer  or  later  fee  a  phenomenon  as  extraordinary  as  any  in  y^^!^|^ 
gaivanifm,  and  which  after  it  has  been  defcribed  by  a  philo-pdfied  pan 
fopber  of  high  reputationt  will  become  equally  celebrated.  ^"^"^'''^ 
This  is  the  intantaneous  refioration  of  volontary  power  over  a 
limb  deprived  both  of  motion  and  feeling  by  palfy  fucceeding 
to  apo|^yt  while  the  patient  is  refpiriog  gafeous  oxide. 
This  was  wilnefled  in  common  with  myfelf,  by  feveral  re- 
Ipe&aUe  perlbns ;  and  among  others  by  fome  of  your  philo- 
Ibphical  acquaintance,  if  I  do  not  miAake.     It  was  in  the  cafe, 
of  Mr.  G.  a  member  of  the  laft  parliament,  who  complelelj^ 
recovered :  But  as  other  means  were  afterwards  adopteds  I 
do  not  impute  the  refult  to  the  gas,  which  however,  when 
ufed  alone,  was  vifibly  of  great  fervioe:  for  I  have  no  idea  of 
claiming  for  a  remedy  under  fcrutjny  any  cure,   if  other 
powers  have  been  called  in  at  the  fame  time. 

I  tranfmit  thefe  obfervations  to  you.  Sir,  in  preference  toFirft  wift 
the  Editor  of  any  Medical  Journal,  becaufe  I  think  them  likely  ^^f^^/ 
lo  meet  the  eye  of  Dr.  PfafT  fooner  in  your  JoumaL  I  (hould 
be  extremely  forry  that  he  fhould  fet  out  wrong  in  his  trials, 
becaufe  the  fault  will  be  imputed  to  the  power  itfelff  atui  not 
to  its  mifapplicatioti ;  and  the  difabled  will  flill  be  left  fo  lan- 
gni(h  and  be  cut  off,  ootwithfianding  we  ha\'G  a  remedy  at 
hand. 

I  have  another  reafon.     I  moft  fiocerely  wifli  any  tbtng  I  A  fecsa^. 
could  fay  would  haden  the  period^  which  mtijl  arrive,  when 
medical  fcience  lliall  not  be  merely  what  the  Germans  call  a. 

Brod* 


Btbd^jfftn/cfuifi,  or  purfaed  only  for  a  livelihood.    If  pftHo* 
Ibphicat  men  withoot  a  profeffion  would  take  it  op,  it  is  I 
think  oertain,  that  it  muft  foon  become  both  more  eflicieiit  and 
wore  liberal.  Any  fludy  is  capable  of  inlerclitng  the  feelings ; 
Mid  moft  furely  that  of  the  Isu's  oF  the  organic  world  is  at 
flnodi  fo  as  any  other.   Opportunities  of  anatomical,  chemical, 
and  clinical  information  are  at  band,    A  perfon  fo  prepared 
willy  lieaven  knows,  with  ardour  and  induftry  foon  acquire  all 
that  is  ufeful  in  medical  pradice.     Ltt  him  then,  animated 
with  no  other  motive  than  the  pure  defire  of  4)eneiiting  his 
feHdw  men,  apply  himfelf  to  the  improvement  of  medicine, 
lofk'beral    It  is  impoffible  that  he  (hould  not  fucceed  as  fully  as  oor 
•d  to^ftttdy  Tennanls,  our  Hatchetts,  and  Chenevix's  have  done  in  che- 
iciiic*  niifiry ;  for  it  is  not  its  inherent  difficulty,  but  collateral  cir« 

cumftances,  that  retard  the  progrefs  of  this  art.  Many  apo- 
thecaries, for  example,  and  old  women  in  general,  who  are 
the  great  controulers  of  the  dcOiny  of  phyficians,  would  b/ 
no  means  allow  the  ufc  of  gafeous  oxide  in  pa] fy,  though  the 
patient  in  the  courfe  both  of  nature  and  of  ordinary  medication 
be  fure  to  die,  and  perhaps  in  a  very  mtferable  manner.  Bat 
the  pliilofophical  cultivator  of  medicine,  without  troublidg 
himfelf  tubout  the  good  opinion  of  the  oiie  or  the  other,  woola 
proceed  on  his  career  under  the  guidance  of  the  colledlive 
Bght  of  fcience  and  of  Immanity. 
■cdote.  N.  N.  advanced  in  years,  of  a  thickfet  ftature,  and  with' 

a  fliort  neck,  (lie wed  ligns  of  palfy  many  years  ago.  The 
writer  of  ihefe  lines  warned  his  friends  of  the  danger.  Con* 
earring  in  this  apprehenlion,  Dr.  Ingenhoufz  propofed  to  liira 
to  irihale  oxigeh  gas,  a  praflice  faniiliar  to  that  accurateqrfii' 
lofopher,  and  by  wliich  he  hoped  the  conftitution  might  be^'i^-A 
crUited.  Hie  execution  of  the  idea  was  deferred*  Mnm- 
%yhite  the  gafeous  oxide  was  difcovercd  to  be  refpirable,  ^d 
its  power  in  palfy  was  to  a  degree  afcertained.  Tlie  winter 
*  now  prefTed  the  ufe  of  this  gas  with  the  utmoft  earneftnefs. 
Th^*  patient  faw  it  taken  by  others:  He  himfelf  confented 
to  inhale  it,  when  behold  !  the  diftrefs  of  a  lady  prefcnt,  af 
«ixcited  by  Tome  apprehended  imaginary  bad  confcquences, 
put  off  the  inhalation.  The  predi6led  paralytic  feizure  ar- 
rived :  but  there  was  ample  time  flill  for  the  ufe  of  the  oxicte. 
I  propofed  that  another  patient,  fituated  as  fimilarly  as  pof* 
fibloj  (hould  be  fought ;  and  that  if  he  confented  upon  the 

credit 


KioYihe  fafcce^fal  exhfbitioti,  iHid  upcm  tey  tefpbttfilSlitj, 
to  ofis'fb^  gi»,  the  refult  Ihouid  dV^erroine  as  to  its  eMploy-  ' 
metit  in  tffecftfe  firfl  in  queftion.  At  the  fatne  tiae,  I  fisUed 
from  ttie  Average  courfe  ofpfaralytic  attacSfs'id  general  not 
imniodiatiefYy  fktal,  that  a  Itttfe  apptfnrot  ambndmient  iirooM 
take  t^lace,  atid  (he  ftrdke  i^t6ni  with  additional  violence. 
My 'propo(al  %as  ackrioWledged  to  be  highly  Teafonable ;  bat 
that  plan  of  tontine  treatment  was  followed  which  is  fo  mudi 
more  advantageous  to  the  fdle  and  anfcientific'of  our  pro« 
fefTron  than  it  is  to  the  ^cV,  and  the  patient  died  of  a  return 
of  his  complaint.  Such  Is  probably  the  condition  of  thoufandft 
of  (he  difeafed  at  this  moment !  Rather  than  ufe  a  recently 
propofcd  plan  not  in  the  Pharmacopoeia,  or  leek  a  new  one 
rn  analogy,  we  pet-fevere  in  painful  or  difgufiing  means,  from 
whidi,  on  the  faith  of  long  e^cperience,  no  good  of  any  fort 
can  be  expeded  for  the  fuf!er<fr.  May  the  riling  generation 
of  natural  philofophers  cxercife  their  talents  and  tlieir  bea€- 
volence  in  putting  an  end  to  fo  crying  an  evil ! 

I  am.  Dear  Sir, 

Kefpe6ftti(y  your^ 

THOMAS  BEDDOES. 
Clifton,  Dee.  13,  1^05. 

P.  S.  A  cafe  in  your  Journal,  where  a  gentleman  accuftomed  On  cfft£kt  of 
to  breathe  gafeous  oxide  for  amuferaent,  experienced  very  dif-  P^'/*.*'  "  ^^^-^ 
agreeable  feelings  on  one  particukr  occaiion,  feems  to  me  cleady 
referal}le  to  hyflcria.     Now  the  trials  at  the  Pneumatic  Infii- 
ttKion,  as  related  in  Mr.  Davy's  Refearches,  had  clearly  (liewn 
that  in  the  predilpoft*d,  gafeous  oxide  h  a  fpecific  for  exciting 
an  byfteric  paroxyfm.     Perhaps  in  the  individual  whofe  caf6 
is  related  by  himfeif  in  the  Journal,  no  obvious  predifpotition, 
either  temporary  or  permanent,  exited  :  Nothing  to  (his  pur- 
port is  flaled.     But  that  the  afl'edtion  was  (imply  by fterical  Their  real  oa* 
cannot  I  think  be  doubted  by  any  one  converfant  both  with  *""' 
hyfieria  and  the  adtninlHration  of  gafeous  oxide.     It  feems  to 
beflrongly  marked  by  that  idea  of  immediate  danger,  which 
is  fo  common   in  hyfteria.     Dr.  Garnet  vtiry  unneceflarily, 
and,  I  believe,  very  miflakenly,  called  up  the  whole  Bruno- 
nian  theory  on  the  emergency.     It  led  him,  however,  to  give 
cordials ;  and  they  were  proper.    A  tea-ijpoonfui  of  fal  volatile, 

iiom 
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fiom  time  lo.  timep  would  probably  have  anf«vered  wtlbotft 

Caation  regHd-  the  Branonian  theory.    Bot  it  is  certainly  the  bufineb  of  the 

|."g.PMticular     pbyfician  lo  avoid  gafeous  oxide  in  the  hydericai,  as  it  is  wine 

Qucre.  i^  ^hofe  who  labour  under  acute  inflammatkwu    If  your  cor- 

refpondent  who  related  his  own  feelings  could  fpectfy  any  caufe 

which  might  have  rendered  bim  nervous^  or  flate  the  h€t 

whether  he  was  fo  or  not,  it  would  give  (atiifiidioa  to  the 

prefent  writer,  and  perhaps  alfo  to  future  inquirers. 

Heinark  on  dan-v     "^^  interdid  a  remedy  becaufe  ils  ule  requires  difcrimination, 

arroui  diforden.  would,  in  many  difocders,  be  leaving  the  fick  to  certain  de* 

firuQion.     I  imagine  that  the  oiftcry  againft  fuch  means  as  ga- 

fcous  oxide,  will  arife  from  thofe  who  daily  nfe  the  moft  hazard* 

ous  remedies,  and  who  are  enabled  to  do  it  without  reproach, 

becaufe  they  are  put  into  a  phial,  and  the  patient  and  bis  friends 

never  trouble  themfelves  about  the  nature  of  the  articles  which 

they  are  receiving  into  theftomacb. 


Ab/tra^  pf  Objirvations  on  a  diurnal  Variation  qf  the  Barometer 
between  the  Tropics,  By  J.  H oas  bu  E  g H9  Efq»  In  a  Letter 
fo  Hekry  Cavbnoisu,  Efq*  F,R.S.*  lUad  March  l^f 
1805. 

SIR,  Bomht^,  AprU^  20,  1 804. 

Tropical  Yiria*  W  HEN  I  was  in  London  at  the  conclufion  of  the  year  1 80 1 , 
tioa  of  the  ba*  J  bad  the  pleafure  of  being  introduced  to  you  by  my  friend 
Mr.  Da]rymple>  at  which  time  be  prefented  you  with  fome 
(lieets  of  meteorological  obfervaiions,  with  barometer  and 
thermometer,  made  by  me  in  India,  and  during  a  pailage 
from  India  to  England. 

Being  of  opinion  that  few  regiflers  of  the  barometer  ar^ 
kept  at  fea,  efpecially  in  low  latitude.^:,  I  have  been  induced  to 
continue  my  obfervaiions  (ince  1  left  England,  judging  tiiat, 
even  if  they  were  found  to  be  of  no  utility,  they  might  at  lead 
be  entertaining  to  you  or  other  gentlemen,  who  have  been 
making  obfervaiions  of  a  (imilar  nature. 

During  my  la(l  voyage  I  have  employed  two  marine  ba- 
rometers,  one  made  by  Troughton,  the  other  by  Ramfden, 

*  Philofophical  Tranfaaioas,  1805. 

and 
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s  IhenDoaieler  by  Fnser.    There  were  placed  'exi)ofed  T'^^J^*^ 
to  m  free  current  of  air  in  a  cabin»  where  the  bafons  of  tfie 
haRMDelers  were  13  feet  above  the  lerd  of  the  fea. 

The  hoBnr  at  which  the  heights  of  the  baronaetenii  and  ther* 
■KMBders  were  taken,  m.  noon,  4  hoars,  10  hours,  12  hoan, 
14  hoars,  aad  19  hoars,  were  chofen,  becaafe  at  thefe  times 
the  mercnry  in  the  barometer  had  been  perceived  to  be  regu* 
larij  iiationarj  bKween  the  tropic!«,  by  former  obfervations 
asade  in  India  in  1 800  and  1 801 .  It  was  found  that  in  fettled 
weather  in  the  Indian  feas,  from  8  A  M  to  noon,  the  mercnry 
in  the  barometer  was  generally  (lationary,  and  at  the  point  of 
greateft'  elevation ;  af)er  noon  it  began  to  fall,  and  continued 
blling  till  4  afternoon,  ■  at  which  time  it  arrived  at  the  lowefl 
point  of  deprefion.  From  4  or  3  P  M  the  mercnry  rofe  again, 
and  eooltnoed  riOng  till  about  9  or  10  P  M,  at  which  time  it 
had  again  acquired  its  greateft  point  of  elevation,  and  con- 
tinued ftattonary  nearly  till  midnight ;  after  which  it  began  to 
fidi,  till  at  4  A  M  it  was  again  as  low  as  it  had  been  at  4  after- 
noon preceding ;  but  from  this  time  it  rofe  till  7  or  8  o'clock, 
when  it  reached  the  higheft  point  of  elevation,  and  continued 
ibtiooary  till  noon. 

Thas  was  the  mercury  obferved  to  be  fubjefi  to  a  regular 
elevation  and  depreilion  twice  in  every  24  hours  in  fettled 
weather ;  and  the  loweft  ftation  was  obferved  to  be  at  about  4 
o'clock  in  the  morning  and  evening*  I  remarked  that  the 
mercury  never  remained  long  fixed  at  this  low  ftation,  but 
had  a  regular  tendency  to  rife  from  thence  till  towards -8  in  the 
morning  and  about  9  in  the  evening,  and  ftom  thofe  times 
continued  ftationary  till  noon  and  midnight. 

In  unfettled  blowing  weather,  efpecially  at  Bombay  during 
the  rains,  thefe  regular  ebbings  and  ftowings  of  the  mercnry 
could  not  be  perceived;  bot  a  tendency  to  them  was  at  feme 
times  obfervable  when  the  weather  was  more  fettled. 

In  the  (beets,  which  I  formerly  prefented  to  you,  were 
etinced  thefe  elevations  and  depreffions  twice  everjf  24  hours 
within  the  tropics,  in  fteady  weather,  U  had  been  obferved 
by  MeOl  Catfan  and  ttayroufe,  by  Dr.  Balfour  of  Calcutta, 
and  others.  But  fince  my  laft  arrival  in  India,  I  have  obferved 
that  the  atmofphere  appears  to  produce  a  different  effed  on  the 
barometer  mijta  from  what  it  does  on  flion.- 
VOI..XIU.— Januaky,  1806.         C  At 


Ig  ■A&OMBTRICilt   fAftfATlOir. 

Tffopitai  fi«ri<h>'  At  I  (fm  igDorAnt  wheihef  tliit  pbeoomemn  bat  been  ooliocd 
tiw  «r  dK  iMi  bjy  »/iy  perfoQ  before*  I  will  here  ghre  yo«  en  abftfad  of  my 
journal,  ihewiiig  bow  the  barometer  bas  been  MiihKiiced 
daring  4be  whole  tirae  fihce  I  left  Engbnd,  which  will  enable 
you  to  ibf  01  an  idea  whether  I  am  ri||^t  in  oondoding  that  the 
barometer  is  reaJijr  differently  aflti6led  at  fea  from  what  it  It 
on  (bore,  at  thoTe  places  in  India  where  the  obfervationfl  have 
been  made. 

The  firfl  (lieet  begins  with  the  obfervaliont  mad«  on  board 
fliipf  in  my  n>y8ge  from  London  towards  Bombay,  to  the 
months  of  April  and  May,  1802« 

Ffom  the  time  of  leaving  the  Land's  £nd»  April  19tb»  the 
motion  of  the  mercury  in  barometers  was  fludloating  and  irro- 
gular  until  we  were  in  latitude  26^  N,  longitude  20^  W»  on 
•A|>ril  2^ ;  the  mercury  in  barometers  then  became  uiii£brm  m 
performing  two  elevations  and  two  depreffionserery  M  hoeriy 
(which  for  brevity  in  rocnlioning  hereafter  I  will  call  et|oatrob 
pical  motions.)  From  latitude  26<>  N  to  latitude  lO^"  K,  the 
difference  of  the  high  and  low  flations  of  the  mercury  in  the 
barometers  was  not  fo  great,  as  it  was  from  latitude  10^  K 
acrofs  the  equator,  and  from  thence  to  latitude  25*  9.  Within 
tbefe  lalUmeotioBed  limits,  the  difference  of  high  and  low 
iiations  of  the  mercury  in  the  barometers  was  very  confix 
derable,  generally  from  five  to  nine  hundred  parts  of  an  incli, 
both  in  the  daily  and  nightly  motions. 

When  we  reached  the  builude  of  28<'  S,  longitude  27*  W, 
Jane  7th,  the  mercury  in  barometers  no  longer  adhered  to 
tbe  equatropical  motions ;  bat  then,  as  in  high  north  latitudes^ 
its  rifing  and  falling  became  iiteguhir  and  fluduating  during  our 
run  from  latitude  28*  S,  longitude  27 <i  W,  (moftly  between 
tbe  parallels  of  35*  and  36<>  S,)  until  we  were  in  latitude  27*  S» 
and  longitude  5 1*  E,  en  the  1 1  th  of  July.  The  mercury  thea 
began  to  perform  tbe  equatroptcal  motions,  and  continued 
4hem  uniformly,  during  our  run  from  the  loit-mentioned  fno- 
(itioA,  up  tbe  Muiagaicar  Archipdago»  acrofs  tbe  Equator^ 
until  our  arrival  at  Bombay  July  3i&.  1802. 

Augaft6th,  J602L  When  tbe  barometers  were  placed  ori 
fhore  in  Bombay,  tbe  mercury,  for  the  Ml  fix  days,  ap|>eared 
to. have  a  fmall  tendency  towacvb  performing  tbe  equatropical 
motions  but  not  eqeally  perceptible  as  when  at  fta,  Che  di& 
fereoce  between  the  bigh  and  low  Nations  of  tbe  aertnry  in 

tbe 


SAftOMtTftTCAL   VAftlATIOK.  19 

Uie  baromelers  bemg  great  to  the  day  we  entered  the  harbour  Tt6fiai  Tarii- 

•f  Bonbaj.     From  the  12lh  of  Aogiift  to  the  22d  the  mercury  ^^  ^  ^*^ 

omM  not  in  general  be  obferved  to  have  any  inclination  to 

pcrfarm  the  eqnatropical  motions  although  at  times  a  vecy 

boM  tendency  tovrards   performing   them  might  be  per- 

cdfed. 

On  (he  23d  of  Auguft  the  barometers  were  taken  from  the 
fhore  to  the  (hip.  Immediately  on  leaving  Bombay  harbour, 
Aiguft26th,  1802,  the  aiercnry  in  the  barometers  performed 
the  eqoatropical  motions^  and  continued  them  with  great  uni- 
formit^y  during  our  paflage  down  the  Malabar  coaft^  acrofs 
the  bay  of  Beo^.  in  the  Strait  of  Malacca,  and  through  the 
Ckim  Sea,  until  our  arrival  in  Canton  river  on  (he  4th  of 
Ofiober.  When  in  the  river,  the  mercury  became  nearly  fia- 
tionarj  during  the  24hours«  except  a  fmall  inclination  at  timet 
towards  the  eqnatropical  motions,  but  they  were  not  near  To 
peiceplible  as  at  fea ;  this  change  takfng  place  the  day  we  got 
into  the  river. 

Dering  oar  flay  in  China,  the  barometer  on  (hore.  at  Canton, 
bad  Tcry  little  tendency  towards  the  equatropical  motions/ 
tbroQghoot  the  months  of  Odober  and  November  that  we 
renained  there.  At  times,  while  in  China,  a  fmall  inclination 
towards  periurming  the  equatropical  motions  appeared :  but, 
as  in  Bombay,  the  difference  of  rife  and  fall  was  of  fo  fnaall  a 
quantity,  as  to  be  frequently  imperceptible. 

Dtcember  2d,  1802.  On  our  departure  from  Canton  river^ 
lae  equatropical  motions  were  indantly  performed  by  the 
nercury,  and  with  great  regularity  continued  during  the  whole 
of  the  pai&ge  to  Bombay,  until  our  arrival  in  that  harbour  on 
the  1 1 th  of  January,  1S03. 

On  January  1 8lh,  the  barometers  were  placed  on  (hore,  and 
did  not  appear  in  the  fmalled  degree  fubjedl  to  the  equatro* 
pical  motions ;  although,  with  great  regularity,  they  had  been 
performed  while  at  fea,  even  to  the  day  we  entered  the  harbour. 
One  of  the  barometers  was  left  on  board  for  a  few  days,  and, 
hke  that  oo  lliore,  feemed  to  have  no  tendency  towards  the 
equatropical  motions.  During  the  months  of  February  and 
March,  in  Bombay,  the  mercury  was  nearly  ftationary 
throagbottt  ibe  24  hoars.  But  about  the  latter  part  of  March 
ibe  mercory  feemed  to  incline  towards  the  equatropical  mo» 

C  2  tiopa 
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Tropical  vtrii-  ^'0"«  «n  a  very  fmall  degree ;  and,  during  the  naonlh  of  ilpri^ 
tion  of  the  boro.  and  lo  the  20th  of  May,  this  fmall  tendency  of  the  neicurjF 
to  perform  the  motions  appeared  at  times,  but  was  hardly 
difcernible,  the  rife  and  fall  being  of  fo  fmall  a  quantityp 
From  the  ]8ih  of  January  to  the  20th  ef  Mav,  the  mercury 
in  the  barometers  was  in  general  flationary,  except  a  verj( 
fmall  tendency  towards  the  equatropical  motions  at  times, 
^t  other  times  fome  change  in  the  atmofphere  difturbed  tlw 
mercury  from  its  flationary  pofition  ;  but  tliis  was  feldom  the 
cafe,  as  it  was  then  the  fair  weather  feafon^  or  nortb-eaft 
inonfbon. 

We  failed  from  Bombay  on  the  23d  of  May,  1803.  Tht 
inRant  we  got  out  of  the  harbour,  the  mercury  in  the  baro* 
meters  conformed  to  the  equatropical  motions  with  great  re» 
gularity,  and  the  diflTerencc  between  the  high  and  low  ftaAioiis 
was  very  confiderable  during  the  whole  of  the  pafliige  |0 
China,  excepting  a  few  days  in  the  eaftern  parts  of  Malacca 
Strait,  where  the  land  lay  contiguous  on  each  fide  of  us;  tbt 
difiference  between  the  high  and  low  Nations  of  the  mercory 
was  not  then  fo  great  as  in  the  open  fea.  On  clearing  Um 
Strait,  and  entering  the  China  Sea,  the  equatropical  notioni 
were  performed  in  greater  quantity,  and  continued  regulai 
during  our  paflTage  up  the  China  Sea,  until  July  2,  1803.  Wc 
then  entered  Canton  river,  and  (he  equatropical  motions  ol 
the  mercury  in  barometers  entirely  ceafed. 

From  July  Sth  to  September  7th,  the  barooieters  were 

placed  on  (hore  in  Canton,  during  which  time  the  mercory 

appeared  to  have  no  tendency  towards  performing  the  eqaa< 

tropical  motions;  but  it  inclined  to  a  ftationary  pofiiion,  eX' 

cept  when  influenced  by  changes  of  weather.     After  tiie  ba 

rometers  were  taken  from  Canton  to  the  (hip,  we  were  fou! 

days  in  getting  clear  of  the  river,  in  which  time  the  mercor 

inclined   lo  be  Oationary,  excepting  that  a  fmall  inclinatioi 

towards  the  equatropical  motions  feemed  to  evince  itfelf  a 

/  times.     But  no  fooner  had  we  cleared  Canton  river,  Sep 

'tember  13,  1803,  than  the  mercury  in  the  barometers  begai 

to  conform  to  the  equatropical  motions,  of  two  elevations  an 

two  deprcfHons. every  24'  hours,  at  equal  intervals  of  time 

(although  we  were  near  the  land  until  the  15lh  September. 

And  the  mercury,  with  great  regularity,  continued  to  pei 

fori 
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fftriD  the  equalropical  motions,  from  September  15,    1®0^»  T'"'j?j/""*' 
I         the  dmy  we  cleared  the  river  of  Canton,  until  O^ober  lS,fg^^^ 
when  we  enlered  Sincapore  Strait,  excepting  a  fmall  degree 
of  irregularity,  which  afTeded  the  mercury  on  the  2'2d  Sep* 
tember,  when  it  blew  a  gale  on  the  coafl  of  Ifiompa* 

Odober  IS,  1803,  On  entering  the  Strait  of  Stncapore^ 
which  is  about  S(  leagues  wide,  the  mercury  in  the  barome* 
ters  was  then  a  little  obftruded,  and  did  not  perform  thtt 
equalropical  motions*  in  the  fame  quantity  of  rife  and  fall,  as 
when  we  were  in  the  China  Sea.  But  on  the  following  day, 
Odober  14,  when  we  had  |Mi(Ied  tlit^  narrow  part  of  the  Strait, 
the  mercury  conformed  to  thole  motions  with  regularity  antil  '■ 
Odober  21,  when  we  arrived  in  ihe  harbour  of  Prinoe  of 
Wales's  Ifland;  then  a  great  retardation  took  phce  in  the 
equatropicai  motions ;  for,  during  the  time  the  (hip  remanded 
in  the  harbour,  from  Odober  20  to  November  5,  1803,  Ihe 
mercury  in  barometers  feemed  only  in  a  fmall  degree  fubjeft 
to  them,  the  diflference  between  the  high  and  low  Nations  of 
the  mercury,  being  in  general  not  more  than  half  the  quantity, 
that  takes  place  in  the  open  fea,  or  at  a  confiderable  diftance  > 
from  bnd.  Where  the  (hip  lay  at  this  time  in  the  harbour, 
the  land,  on  one  fide,  was  a  full  quarter  of  a  mile  di(tent,  and 
on  the  other  fide  about  1 1  mile.   . 

On  November  5,  being  clear  of  the  harbour  of  Prince  of 
Wales's  Ifland,  the  equalropical  motions  were  infiantly  per- 
formed by  the  mercury,  in  the  ufual  quantity  experienced  at 
iea,  which  continued  with  uniformity  until  December  3.  On 
this  and  the  following  day^  the  mercury  fell  copfiderably 
<hiring  our  paflage  over  the  tails  of  the  fands  at  the  entrance 
of  Hoogly  river,  in  latitude  2\^  06^  N  ;  and  on  December  5, 
the  day  of  the  moon's  laft  quarter,  a' gale  of  wind  commencetf 
finom  N  N  £,  with  much  lightning  and  rain  in  the'night« 
During  the  latter  part  of  this  day,  the  mercury  began  to  rife, 
and  there  foon  followed  a  change  of  fettled  weather.  When 
we  were  in  the  lower  part  of  the  river,  the  mercury  appeared 
to  conform  in  a  fmall  degree  to  the  equalropical  motions  i  but 
when  well  up  the  river,  at  Diamond  Harbour,  the  mercury 
inclined  to  be  nearly  ftationary  during  the  2^  hours,  as  has 
formerly  been  obferved  to  happen  io  Canton  river,  Bombay 
barboor»  &c« 

On 
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TropM<vtite«  On  January  13,  leCM,  afler  we  bad  cleared  the  rifer 
tjM^^the  taf©- Hoogly,  the  mercury  in  the  barometers  began  to  perfbrai 
its  motions  wiih  uniformity,  which  cootmued  during  the 
paiTage  to  Bombay,  unlii  our  arrival  there  on  February  12* 
The  barometers  being  then  placed  on  (bore,  the  mercary 
iodcaed  te  a  fiattooary  pofilion,  without  evincing  any  pro- 
peoiity  towards  the  equatropical  motioiis  from  the  12th  to 
the  18th  February,  1804,  as  has  been  noticed  in  the  .foie* 
going  detbriptioo,  to  happen  frequently,  .ea  eolering  a  har« 
boor  from  l<nu 

OftFehfuary  18,  1804*,  the  meteorological  journal  ceafes, 
at  which  time  it  comprifes  the  obfervations  of  22  BMNiths» 
hikviag  commenced  April  69  1802,  in  Margate  Road. 

I 'have  taken  the  liberty  of  fending  you  this  abltrad  iirora 
the  journal,  to  exhibit  the  apparent  difference  of  the  mercury 
in  Ihe  bapometer  at  feai  <from  what  has  been  obferved  oa 
fl|M^»  at  Ihofe  places  mentioned  in  the  precedit^  defcdption* 
<  At  I  have  not  feen  any  account  indicating  the  phenopMnon, 

I  .IhOttght  it  might  be  interefting  to  you,  or  other  gentlemen 
of  the  Royal  Society  to  forward  this  imperfctft  whttmBU  the 
JQuraa)  itfelf  being  too  cumberbmeto  fend  home  at  prefenL 
But  as  I  am  in  expectation  of  reUirmng  tio  £ngla»d  by  the 
ihtps  from  China  next  feafon,  I  hope  .1  fiiaU  be  enabled  to 
pfefent.  ytu  with  the  metconolqgical  ftieels  jlladed  tOb 

lam,  (Sec, 

J,  HORSBURGH. 

■   I 

.  P«  S.  ^  Sincel  wrotethe  foregoing  abfira^  I  have  rcjceived 
a  letter  from  my  triend  Mr.  Dalrymple^  intimatii^  that  a 
c^y  of  the  meteorological  journal  itfelf  would  be  ^c^^ptable^ 
wbicli  hfs  induced  me  to  tranfmit  to  hioi.  the  prigkial  flieets^ 
with  a  re^efl  to  deliver  them  to  you.  .  I  regret  ilfai  I  could 
not  and  lelfure  time  to  make  out  a  (air  copy,  tp  iiave  font 
iq  you,,  in  place  of  the  original  (heets  in  their  rough  fi^te. 

*]Bfothbdy,fune},  1804. 

,      ■  •  .ill  • 

■i     .■-..■    ^    •:      ■ 
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Sdcomd  Communication  on  Artificial  Tau,  By  Chaalss 
Hatchktt^  £jif4  bridged  from  the  Fkikfifkietd  TtAnfo 
^etkmfor  1805. 

5  1. 

X  I|F# artMeial  tao^,  pcociir«d  i^  defertfaed  taiht  irft  con*  Name  of  thtar- 
nunication  (Jbe  our  Vol.  XI L  p.  'm),  had  bm  named  Ian.  ^^^^^^^ 
am  by  Mr.  Hatcbeit ;  "bat  the  obje^oa  haviag  baiog  ouuie  to  ccrad. 
Ihb^  that  taMDM  was  deftroyed  fay  the  nitric  acid,  whUtf  tlie 
artificial  tanoing  (bblUnce  was  a^luaHy  formed  by  it,  iiMiace4. 
Mr.  Hatchett  lo  eicpiing^o  the  word  temiw  wherever  k  had 
been  appUed  to  the  Jatter.     It  alfo  induced  the  aether  to 
nmke  the  following  experiments  on  the  eompanUive  efleds 
produced  by  nitric  acid  on  thofe  ftibftancet  which  cNmtaio 
«iofl  tannin,  and  alio  feme  others  in  which  a  tanning  fub* 
ftance  hat  been  produced,  under  circomftancet  in  Ibnie  rt- 
fptdb  dcieieiit  from  Ibofe  defcribed. 

5  11. 

Afkbottgb  it  ia  not  ablic^lely  afleited  ibat  the  tamiag^fiib- 
(iance  it  indeftru6Uble  by  nitric  add,  yet  the  ibttowiag  expe* 
f  imentt  prove,  that  to  produce  this  eflfed  inuft  at  leaft  be  the 
work  of  moch  time  and  difficulty. 

1.  Twenty  grains  of  the  arii6cial  tan  were  diflblved  in -half  EaperiaNats  to 
4in  ounce  of  (Irong  nitric  acid,  of  the  degree  of  1.40 ;  •*"*  "^^^-^L^t 
Jution  diAiiled  till  the  whole  of  the  acid  came  over,  wbioh  neatly  iadcftrat 
^cid  «^a3  returned  back  on  the  reiidutim.  and  the  diftillation  ^^^  ^  ^^^ 
feptnted  three  times  in  this  manner.    Care  was  taken  not  to 
overheat  the  reAdnum ;  and  then,  when  examined,  did  not 
«ppear  to  have  fuiered  any  alteration  in  its  properties. 

*  la  ftv^ral  parts  of  the  abridgement  of  Mr.  Hatcbett*8  piperi, 
the  artlHcigl  tanning  fubftance  has  been  called  /A^  mcw  fan  aad  or//* 
JSda/  tori  J  and  tanning  matter  toMj  for  the  fake  of  brevitj.  It  wat 
(hoeght  neceffiuyto^  mention  this,  as  the  name  tan  is  ufoally  ap- 
propriated to  oak  bark  in  a  certain  ftate ;  which,  with  (ingular  im- 
.  profHeiy,  is  that  in  which  it  contains  letft  tanning  matter,  after 
haviag  been  ufed  in  the  tanners*  pits. — ^Abr. 

2.  Ten 
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Brpetimenti  2.  Ten  grains  of  the  new  tan»  mixed  wilh  ten  grmins  of 

c.ntinued.  ^.j^j^^  fogar,  diflblved  in  half  an  ounce  of  nitric  acid,  was 

diftilled  to  drynefs.    The  refiduum  was  not  changed  by  the 

gelatinous  or  other  re-agents. 

3.  This  experiment  was  the  (ame  as  the  former,  only  that 
gum  arable  was  employed  in  place  of  fugar.  The  refuit  was 
the  fame. 

4.  The  precipitate  from  a  folution  of  ifinglafs,  wilh  which 
.the  artificial  tan  had  been  mixed}  was  well  waflied  with  dif- 

tiUed  water  and  then  dried.  In  this  (late  it  was  digefled  in 
firong  nitric  acid,  by  which  a  dark-brown  folution  was 
formed ;  which  was  evaporated  to  Jrynefs,  and  the  fubflance, 
didolved  in  boiling  diftilled  water,  was  exaroiiKsd  by  nitrate 
of  iron,  acetite  of  lead,  muriate  of  tin,  and  folution  of  ilin- 
glaffl,  with  all  of  which  it  threw  down  copious  precipitates, 
fimilar  in  all  refpeds  to  the  artificial  tan,  which  bad  not  been 
fubjeded  to  the  proceft  defcribed. 

5.  Some  of  the  precipitate  of  ifinglafs  by  the  new  tan  was 
dilFulvedin  muriatic  acidj  and  evaporated  to  drynefs:  cf  this 
boiling  diftilled  water  diflblved  only  a  part ;  and  the  folution, 
of  a  dark  beer  colour,  did  not  precipitate  gelatine,  though  ?t 
aAed  on  muriate  of  tin  and  fulphate  of  iron  ;  for  with  tht  tVr- 
mer  it  gave  an  afii-coloured  precipitate,  and  with  the  lat!*  i  a 
flight  depofit  of  a  reddiflubrown. 

6«  As.  boiling  water  diffolved  only  a  part  of  the  ifin^lafk 

precipitate   in  the  former  experiment,    the  remainder  was 

treated  with  nitric  acid;  after  which,  on  being  evaporated 

•to  drynels,  it  was  found  to  be  completely  foluble  in  water« 

and  precipitated  gelatine  as  copioufly  as  at  firil. 

7.  Twenty  grains  of  the  new  tan  was  diilbived  in  half  an 
ounce  of  muriatic  acid :  The  refiduum*  after  evaporation  to 
dryneti,  appeared  in  every  refpe^  unchanged. 

The  author  here  makes  the  obfervation,  mentioned  at  the 
condufion  of  the  former  paper,  relative  to  the  folutions  of  the 
new  tan  not  becoming  mouldy  like  thofe  of  galls,  fomach,  and 
catechu,  and  feeming  to  be  completely  imputrefcible. 

And  having  thus  afcerlained  the  unchangeable  nature  of 
this  fubftance,  he  made  the  following  comparative  experi* 
ments  on  galls,  fumachi  Pegu  cutcb,  kafcatti,  common  catch, 
and  oak  bark. 

8.  Twenty 


AATXFICtAL    TAV.  35 

8.  Twenty  grains  of  powdtred  galls  were  difTolved  in  balfExperimeaisoii 
M  ounce  of  ftrong  nitric  acid  :  The  refiduum  from  this  ^lu- f ^^'j/'J^Jj*^ 
tioo  evaporated  todrynefs,  and  then  diflblved  in  boiling  water^Pegucucch^Md 
did  not  produce  the  fnialleft  effca  on  diflblved  gelatine.  ^^  ^^ 

The  experiments  on  to  No.  13.  did  not  produce  any  tannin. 

9.  The  refiduum  of  a  firong  infufion  of  galU,  treated  as  / 
No.  8. 

10.  Ifinglafs  precipitated  by  infuHon  of  ga!l$,  diflTulved  in 
firoiig  nitric  acid«  and  examined  as  No.  4. 

*     1 1.  T«ven(y  grains  of  fumach  diHblved  in  half  an  ounce  o( 
l^rong  nitric  acid,  and  treated  as  No.  8. 

12.  Twenty  grains  of  Pegu  cutch  (which  contains  much 
mucilage)  fubjeded  to  a  iiroilar  procefs,  by  which  much  oxalic 
acid  was  obtained. 

1S«  Twenty  grains  of  catechu,  called  kafcatti,  treated  (imi- 
larly,  had,  together  with  the  four  foregoing  experiments, 
all  the  fame  reluits  as  No.  8,  not  any  of  them  (hewing  anj 
tannin. 

14.  Twenty  grains  of  common  catechu*  diflblved  in  flrong 
nitric  acid,  evaporated  to  drynefs»  difliilved  in  water,  and 
examined  by  ifinglafs/  depoflted  a  tenacious  film  infuluble 
in  boiling  water,  evidently  compofed  of  gelatine  and  tannin. 

13.  Twenty  grains  of  oak  bark  treated  in  the  fame  way, 
depofited  alfo  an  infoluble  film  on  the  fides  and  bottom  of  the 
vefl*el. 

16.  Infufions  of  galls,  fumach,  and  oak  wood,  of  equal 
Arength,  were  mixed  with  nitric  acid,  in  the  proportion  of 
half  an  ounce  meafure  of  each  to  one  drachm  of  the  acid,  and 
did  not  then  render  ifinglafs  folution  turbid. 

But  infufions  prepared  from  oak  bark  and  the  artificial  tan^ 
and  managed  in  the  fame  way,  continued  to  precipitate  the 
geUtine,  until  four  drachms  of  the  nitric  acid  had  been  added 
to  each  half  ounce  of  the  infufion. 

Tbefe  refults  fliew  that  artificial  tan  is  the  mofi  indcfiruc- 
tible,  but  that  the  other  tanning  lubfiances  have  confiderable 
varieties  in  this  refpedl.  The  tannin  oH  oak  bark  refifls  nitric 
acid  longer  than  that  of  galls,  fumach,  kafcutti,  or  Pegu 
cutch.  This  lad  is  replete  with  mucilage,  and  yields  much 
oxalic  acid,  as  before  deicribed :  it  feems  alfo  to  be  the  rood 
deflrudible  of  all  tiie  kinds  of  catechu :  From  thefe  fads  the 
author  was  induced  to  add  the  fugar  and  gum  to  the  artificial 

ta0| 
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fan,  to  promote  its  deflroaibility ;  und  cxpredTet  tin  btSef 
tlMU  mucilage  or  ^ro  renders  tlie  fuMances  that  contain  it 
more  deftruAible  in  the  nitric  acid,  and  in  fome  cafes  aMb 
prereiUs  or  impedes  the  formalion  of  the  tanning  fobflanc«  | 
whicrh  difllerence  he  thinks  to  be  caofed  by  the  mucilage 
being  in  a  flate  of  chemical  combination  in  chofe  bodies. 

§  III. 

E«prrimrnts  on     A  and  B.     Wiien  fulphuric  or  moriatic  acid  was  added  lo 
the  artificial  un.^f^jyj-^^  of  the  ncw  Ian,  it  became  turbid  and  depbfued  a 

brown  precipitate,  which  was  foluble  in  boiling  water,  and 
was  then  capable  of  precipitating  gelatine ;  in  which  particu- 
lars it  rcfembles  the  tannin  of  galls  and  other  vegetable  fub- 
ftances. 

•  C.  Carbonate  of  potaib,  added  to  a  folotion  of  the  new 
tan,  deepened  the  cotoar ;  the  Kquor  became  turbid,  and  de- 
ported a  brown  magma. 

D.  Five  grains  of  dried  aitifeial  tan  were  difToIved  in  half 
an  ounce  of  ftrong  ammonia :  tlie  whole  was  then  evaporated 
lo  drynefs ;  and  being  diflblved  in  water  was  found  not  %o 
precipitate  gelaten,  aniefs  a  fmall  portion  of  moriatic  acid  was 
pcevioufly  added. 

£•  Another  portion  diCulved  in  ammonia  was  diftilled :  At 

firflamoKNiiacame  over,  and  afterwards  a  yellow  liquor,  that 

had  the  odour  of  burned  horn.    The  refiduum  was  infdlobl€ 

in  water,  to  which  rt  only  gave  a  Oight  yellow  tinge. 

On  diftllbtion  it     F.  The  objed  of  this  experiment  is  to  (hew  the  ftrange  pro* 

^  *cdti*^'^  ^""^y  ^  ^^  "^^  ^*"^  ^  ^^^  produ6ls  analogous  to  animal 
and  yields  am-  matter  (of  which  it  yielded  the  odour  in  comboftion  on  former 
moaia.  trials),   thoogh  prepared   itfelf  from  vegetable   fubftaooes^ 

Some  prepared  from  dry  vegetable  charcoal  was  diftUIedi 
Firft  a  little  water  came  over,  then  a  little  nitric  acid,  then 
a  very  fmall  portion  of  a  yellowiih  liquor :  The  fife  being 
then  raifedy  tbe  veHels  fuddenly  became  filled  with  a  white 
cloud,  and  fo  great  a  torrent  of  gas  was  almoft  explofivdy 
psedoced  as  to  overfel  the  jar :  This  gas,  by  its  fmeff*  ap* 
p^ared  to  be  aoMDonia,  and  was  formed  into  tbe  dead  by  tfae 
mtric  acid  vapour  in  the  veflels.  The  next  jar  of  gas,  which 
^me  flowty  over,  was  carbonic  acid,  except  a  very  CmaU 
part  which  feemed  nitrogen  gas.  A  bulky  coal  remaiiied« 
ilMl  on  incineratioQ  gave  Jf  giaini  afliet,  wbicb  confifled 

ifiacipally  of  lime. 

G.  Fifty 
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0%  Fifty  gTMnt  of  this  fobfisnce  w«re  diflTolved  in  fb«r 
•iHices  of  water  and  precipitaicd  by  ifinglafs  (blotioa ;  eigbty« 
one  grcuos  of  whic4i  became  thus  combined  with  forly-fix  of 
tile  new  tan.  The  remaining  portion  was  not  precipitatedt 
and  v^  therefore  feparated  on  a  filter  and  evaporated  to  dry- 
neh.  It  was  a  light  faritUe  fubftance  of  a  pale  cinnamon 
colour,  which,  though  compofed  of  inodorous  fubdances,  had 
however  a  ftrong  fmell  itfelf  of  oak  bark ;  which  is  remarked 
as  a  fingolar  circumftance ;  and  this  fmell  became  ftronger 
when  Ihe  fnbftance  was  put  into  water«  in  which  it  infiantly 
^iflblved. 

The  foltttion  was  very  bitter ;  aded  but  fltghtly  on  diflolved 
ifinglafs ;  produced  a  brown  precipitate  with  fulpbate  of  iron, 
and  with  muriate  of  tin  a  black  one ;  had  no  effect  with  ni* 
trate  of  lime ;  but  with  acetite  of  lime  ^ave  a  copious  preci- 
pitate, of  a  pale  brown  colour.  This  fifbRance  appeared  to 
be  the  tanning  matter  in  the  date  of  extrad* 

Several  unfuccef^iful  attempts  were  made  to  form  the  tan«  Attempts  to 
ning  matter  by  ozi-muriatic  acid.     It  therefore  appeared,  that  ^^"^  tanning 
though  a  variety  of  it  could  be  produced  by  the  action  of  ful-  muriatic  ac!d' 
pharic  acid  on  refinous  fubHances,  yet  nitric  acid  was  the  mofi  onfucceitfttL 
effedive  agent. 

The  author  fufpeding  that  the  new  tan  might  be  formed  Artificial  tan,  it 
from  bodies  not  abfolutely  converted  into  coal,  and  not  being  " /"-JP*^^> 
able  to  get  any  touch- wood,  which  he  firfi  thought  of  trying  from  fubAaocet 
for  (his  purpofe,  made  the  following  experiment  with  indigo,  *^  charied. 
which  he  knew  to  contain  much  carbon. 

One  hundred  grains  of  indigo,  with  one  ounce  of  nitric  Experiments  on 
acfd  diluted  with  a  double  quantity  of  water,  was  (when  the  ^^J'^"* ''^^  ^" 
effervefcence  had  fabdded],  placed  in  a  fand*bath  for  feveral 
days  till  evaporsled  to  drynefs. 

The  refidttum,  of  an  orange  colour,  was  in  great  part  dif<- 
folved  by  three  ounces  of  didilled  water  poured  on  it,  and 
gave  a.fahitton  of  a  deep  yellow,  and  intenfely  bitter ;  which, 
with  the  fulphate  of  iron,  depofited  a  (light  paIe*yellow  pre* 
cipitate,  and  with  nitrate  Of  lime,  a  fmall  white  precipitate, 
Inrring  the  charader  of  oxalate  of  lime :  With  muriate  of  tin 
ft  oopious  while  precipitatCi  that  changed   to  a  yellowifli- 

brown; 
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brown;  and  with  acetite  of  lead  a  beautiful  deep  1emon« 
coloured  precipUaie,  whicii  may  probably  prove  ofeful  as  a 

pigment. 
Ammonia  rendered  the  colour  much  deeper^  and. with  it 

deposited  a  large  quantity  of  fine  yellow  fpiculaled  cry(lals, 

which   did   not '  precipitate  lime  from  its  folutions.     Their 

flavour  was  very  bitter. 
It  prnduces  tan-     Laftly,  when  this  folutton  was  added  to  diHblved  iiinglafs, 
Qiog  matter.       [i  became  turbid,  and  depofited  a  tough  elaflic  infoluble  film, 

and  pofTeHcd  the  charadcrs  of  gelaton  combined  wiih  tanning 

matter. 
Alipoft  al)  ve-e-      %  ^'*>^  experiment  the  poflibiiity  of  producing  tanning  mat- 
table  bodies  yield  (er  from  bodies  nut  converted  into  coal  was  lully  aicertained; 
whca"fuWcaxa   *."^  ^^^^  aulhor  has  iince  difcovered  that  though  indigo  yields 
to  repeated  diftU*  this  matter  more  readily  than  mod  other  vegetable  bodies^  yet 

Sfui^aTid?        **^*"^'^  *'^  produce  it  when  fubjeaed  to  repeated  didillaiions 

with  nitric  acid. 
Refwi  YicM>  it        '^^  ^^^  Common  refin  did  not  produce  the  tanning  fubflance 
by  this  ticat-      with  nitric  acid,  but  by  the  aid  of  fulphuric  acid,  as  before 
Aeuu  related ;  yet  upon  this  nitric  acid  being  repeatedly  abQra6tcd 

from  it,  its  lulutioji  in  water  tormcd  a  tough  yellow  infoluble 
precipitate  with  dilfolvcd  gelatcn,  limilar  to  that  by  folution  of 
indigo,  and  with  other  re-agents  produced  the  following  e£- 
k6l<. 

With  fulphate  of  iron,  after  1 2  hours,  it  produced  a  (light 
yellow  precipitate.  With  nitrate  of  lime  no  effeA.  With 
muriate  of  tin»  after  12  hours,  a  pale  brown  precipitate.  And 
wit!)  acetite  of  lead  a  very  abundant  precipitate  of  a  yellowiOi 
white  colour. 

On  repeating  this  experiment,  the  author  remarked  that 
during  each  diftillation  nitrous  gas  was  produced,  while  th«. 
acid  which  came  over  was  weakened^  which  made  the  caufe 
of  the  change  in  the  properties  of  therefin  evident.  The  foU 
lowing  are  the  refults  of  experiments  tried  with  other  refinous 
iubdances. 

Atdolikewife        B.  Stick  lac,  treated  as  defer ibcd«  copioufly  precipitated 
ftick  Uc,  g^,^j^„ 

— andbaiiamof      ^'  Ba'^a"^  of  Peru  during  the  procefs  afforded  fome  ben- 
Peru,  zoic  acidj  and  gelaten  was  precipitated  by  the  aqueous  folu- 
tioQ. 

Benzoin 


ARTIFICIAL   TAW.  S9 

Benzoinj  after  tlie  fubllmation  of  fome  benzoic  acid»  yielded —•n<i*ciwam, 
m  reGduum,  which  yielded  with  water  a  pale  yellow  foluUon^ 
of  a  very  bitter  flavour. 

This  foiution  with  fulphale  of  iron  prodaced  a  (light  pale 
yellow  precipitate.  With  nitrate  of  lime,  no  effed.  With 
muriate  of  tin  in  foiution,  a  fiuall  quantity  of  brownilh  while 
precipitate.  With  acetile  of  lead,  a  copious  pale  yellow  pre- 
cipitate. i\nd  with  foiution  of  ifinglafs  a  denfe  pale  yellow 
infolubk  precipitate. 

£.  Baifam  of  Tolu  afforded  benzoic  acid,  and  the  foiution 
of  the  reliduum  precipitated  that  of  gelaten. 

F.  One  hundred  grains  of  dragon's  blood  in  powder  mixed  "J^**  dn^a 
with  one  ounce  of  nitric  acid,  evolved  much  gas ;  an  ounce 

of  water  was  then  added ;  and  the  digedion  in  a  fand  bath 
being  continued,  after  it  produced  cha/iccation  on  the  dry  yel- 
low  mafs  that  remained,  a  brilliant  feather-like  fublimale  arofe, 
which  weighed  rather  more  than  fix  grains  and  had  the  afped, 
odour,  and  properties  of  benzoic  acid. 

The  reliduum,  of  a  brown  colour,  formed  with  water  a 
gold  coloured  foiution,  which  was  not  aflfeded  by  nitrate  of 
lime:  But  with  fulphate  of  iron,  and  with  muriate  of  tin  it 
formed  brownilh  yellow  precipitates ;  and  with  acetite  of  lead 
one  of  a  lemon  colour. 

Gold  was  precipitated  by  it  in  the  metallic  fiate,  and  the 
containing  glafs  coloured  purple ;  and  with  dilfolved  ifinglafs 
it  produced  a  deep  yellpw  infoluble  depofit. 

As  dragon's  blood  iimply  expofed  to  heat  did  not  produce 
any  benzoic  acid,  the  author  is  inclined  to  believe,  that  in  the 
firfl  experiment  this  acid  was  obtained  as  a  product,  and  not  as 
an  edu6t. 

G.  Gum  ammonia  gave  a  bfownifb  yellow,  bitter  adrin- .~ani  gum  ai 
gent  foiution ;  which  with  fulphate  of  iron  became  of  a  darker  °^"i'> 
colour,  but  prodaced  no  precipitate. 

With  nitrate  of  lime,  a  flight  precipitate.  With  muriate  of 
tin  and  acetite  of  lead,  copious  yellow  precipitates ;  and  with 
gelaten  a  bright  yellow  infoluble  depoilt. 

H.  Ada  foBlida  yielded  aiijilution  which  precipitated  gelaten  —and  zSm  fct' 
in  a  (imilar  manner  (o  th^t  4Bferibed.  ^** 

I.  Solutions  of  elemi,    tacamahac,    olibarum,    fandarach,  Solutiomof 
copaiba,   mafticb«  .  i9;yf riii*   gambauge,    and   cacutchonc,  al- f **"*•»  ^."*' 

L        L  naCf  ore*  did  r 
though  aflfca  geUten, 


\ 
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tiKNigti  tiiey  precipitated  the  metallic  folationSy  did  not  ztk& 
g!elat«fi;  but  poffibly  might  have  done  fo,  if  the  procefs  bad 
been  more  frequently  repeated. 
^Bor  that  of         K.  Sarcocol  alfo  produced  (iroilar  refults. 
t^r^o^p  L*  Gum  Arabic  a£furded  oxalic  acid  but  no  tan. 

]^b-,c,  ^*  Tragacanth  yielded  roach  of  faciatic  acid,  of  oxalic^ 

— «or  of  tragi-  und  of  roalje  acid,  but  not  the  leaft  tan. 
!!4wof  manoa.     N-  Manna  gave  oxalic  acid,  part  of  which  fublimed  in 
the  neck  of  the  veflfel. 

Its  reiiduum  formed  a  brown  folution,  which  produced  pre- 
cipitates of  the  following  colonn :  With  foJpbate  of  iron,  a 
pale  yellow ;  with  muriate  of  tin,  a  pale  brown ;  with  acetite 
of  lead,  a  brownilb  white.    From  nitrate  of  lime,  oxalate  of 
lime  was  oopioufly  precipitated  by  it ;  but  with  idnglafs  fo- 
lution no  et[t€t  was  produced. 
Lifaorice  folu*       0» .  Nitric  (blutton  of  liqoorice  yielded  precipitates  with  fuU 
tiwiprecipitites  p|ia(e  of  iron  and  muriate  of  tin,  after  twehx  hours,  flight 
-  brown.    With  acetite  of  lead,  a  l>rowni(h  red.    AVith  nitratd 

of  lead,  a  brown.  And  with  gelaten,  one  of  a  yellowifh 
brown,  tnfolubie,  and  fimilar  to  other  precipitates  from  it  by 
tan. 
Oniacom  Mo-  P*  ^  gaiacotD  nitric  acid  aded  with  great  vehemence  and 
tioogm  ft  flight  fpeedily  diflfolved  it:  Therefiduum  was  alnu>ft  totally  folabfe 
gS^rwM^h"  in  water;  and  this  folution  produced  eflfeas  on  the  metallic  falts 
VM  iiohiUeio  ftmilar  to  thofe  recited  {  but  with  gelaten  formed  a  (light  prel 
*■*"•  cipitate,  which  was  fpeedily  diflblved  by  boiling  water.     Tlie 

remainder  of  tbe  Iblution  evaporated  gave  a  large  quantity  of 
crydalized  oxalic  acid;  fo  that  in  this  refpe^  gniacoro  was 
(imiiar  to  the  gums,  and  unlike  the  lefins. 

5  V. 

liperimeait  on  As  many  vegetable  fubAaneet  when  roafted  yi<4d  a  liquor  b j^ 
*^ttbterub!  «i<^o^>on,  relembling  folution  of  artificial  tan,  the  author 
.Aances,  which    tried  thofe  fimilkrly  prepared,  of  dried  p^,  horfe  beans/bar* 


donotaffca      j^^  gp^j  ^vhcat  flour,   none  of  which  gave  any  precipitate 

with  gelaten. 
Coffee  giveti        ^^^  decoflion  of  coffee  aMogM^e  no  precipitate  tiH  aller 
preci^ute  with  feveral  hours,  and  then  one  foldM^  fai  boiling  waiter;  but  this 
wriTta  wSl"  "'«**^  ^  occafioned,  the  author  thinkf,  from  want  of  fome 

particular  nicety  which  may  be  reqoifidii  raftfingfnch  bo£ea 

5  U 


f 
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fo  ts  to  make  them  yield  tan ;  which  opinion  was  corroborated 
by  «xpernncftl«  made  by  decoflion  of  chicoree  (probaHy  Un- 
d?ye)  root,  prepared  iii  the  fame  manner,  which  produced  a 
precipilale  witii  gdaten  after  fome  time,  thoogh  not  at  RtH, 
which  was  apparently  difToIved  in  boiling  waler,  bat  depofited 
again  in  its  original  ftatc,  on  cooling.  The  aothor  therefor^ 
is  inclined  to  believe  that  the  tanning  fabflance  is  really  de- 
veloped in  many  vegetable  mailers  by  heat  alone ;  bat  that  a 
certain  degree  of  hejait,  not  eafy  to  determine  is  abfolutely  ne- 
ceflary  tor  this  etk€t. 

A  fmall  quantity  of  nitric  acid  added  to  any  of  the  decoc-  Nitric  acid  addn 
tions  iuft  mentioned,  and  evaoorated  to  drynefs,  produced  a  ?  ^***'5  ^«oc. 

*'  ,  •,  J         '    r  tions  gives  taa« 

refidaum,  having  all  the  properties  of  the  tan  produced  from  ning  pfoperttct 

§  VI. 

The  pcodu^ion  of  a  variety  of  the  tanning  fubftaooe  before 
mentioned,  by  the  action  of  fulphu'ric  acid  on  the  redni,  mtor 
bttf  &c.  fuggefttd  Ibe  following  experiments  on  camphor; 
the  refoks  of  which  tend  to  increafe  the  knowledge  of  its  pro^ 
perttes. 

ExperimtnU  on  Camphor  uith  Sulphuric  Acid, 

The  only  &Qs  hitherto  related  relative  to  the  efiedb  of  fu>- 
pburic  acid  on  camphor,  arc  that  a  brown  or  reddifh  brown 
(blatioD  is  formed,  from  which  water  precipitates  the  camphor 
unchanged;  but  thU  only  happens  at  a  certain  period  of  (he 
operation ;  for  if  it  be  longer  continued,  the  following  effo&s 
will  t>e  produced. 

A.  One  ounce  of  concentrated  fulphuric  acid  was  added  Experiments 
to  one  handred  grmios  of  camphor,  which  diflblved  gradually,  ^ISd'oiiHSaSL 
after  tirft  baooming  yellow ;  in  about  an  hour,  the  liquor  having 
progreilively  dumgad  (o  reddiih  brown,  brown,  and  at  lad 
blaoLifli  bfOfma  orach  foiphureoufi  acid  gas  was  produced, 
and  continued  to  eaaMafa  daring  four  hours,  when  the  whole 
appealed  a  thick  black  liquid,  having  no  other  odour  but  that 
of  folphureoas  acid ;  after  two  days  the  produ^ion  of  the  gas 
was  much  dioMiiiAied ;  the  caatainii^  alembic  was  ihen  put  in 
a  faiul  bath,  laoderately  iiot,  Jby  which  more  fulpbureous  gai 
was  obtained  ;  but  this  foon  abated  ;  at  the  end  of  two  day^ 
Bore^  fix  ounces  of  wainhwas  gradaally  added,  by  which  the 

liquor 
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Iiqoor  changed  to  a  reddi{h*brown^  a  coaguhim  of  the  (ame 
coloor  fubfided,  the  odour  of  fulphureous  acid  gas  was  imme^ 
diately  annulledy  and  was  focceeded  by  one  which  much  re- 
fembled  a  mixture  of  oils  of  lavender  and  peppermint. 

The  whole  was  then  didilled  gradually,  when  the  water 
came  over  impregnated  with  the  odour  lafl  mentioned,  accom- 
panied by  a  yeliowilh  oil,  which  floated  on  tlie  top,  and  was 
computed  to  amount  to  three  grains. 

B.  When  the  whole  of  the  water  had  come  over,  there  was 
again  a  flight  production  of  the  fulphureous  acid  gas ;  two 
ounces  of  water  were  then  added,  and  the  diflillation  conti- 
nued (without  the  recurrence  of  the  former  odour)  till  a  dry 
btackilh  brown  mafs  remained/;  this  mafs  was  well  waflied 
with  warm  didilled  water,  by  which  nothing  was  extracted  ; 
but  two  ounces  of  alcohol  digcfled  on  it  for  24  hours  formed  a 
very  dark  brown  tinCture. 

The  reiiduum  was  digefled  with  two  ounces  more  alcohol^ 
and  the  procefi  repeated  till  the  alcohol  ceafed  to  a6t. 

The  refiduum  had  now  the  appearance  of  a  eompad  fort  of 
coal  in  fmall  fragments,  which  were  well  dried,  and  after 
being  expofed  to  a  low  heat  in  a  clofe  velTel,  weighed  fi fly- 
three  grains. 

C  From  different  portions  of  the  alcohol  folution,  added 
together  and  diflilled  in  a  water  bathi  a  blackifh  brown  fub- 
fhmce  was  obtained,  which  had  the  appearance  of  a  refin  or 
gum  with  a  flight  odour  of  caromel,  and  weighed  49  grains. 

The  produ^s  obtained  from  the  100  grains  of  camphor 
treated  with  fulphuric  acid,  were, — 

Grains. 

A.  An  eflbntial  oil,  having  fomewhat  of  an  odour 

of  a  mixture  of  lavender  and  peppermint,  about        3 

B.  A  compact  and  very  hard  fort  of  coal,  iii  fmall 
fragments,  -  •         -  -  ''-        -    53 

C.  A  blackifli-brown  fubflance,  of  a  refhio'as  ap« 
pearance,  -  -  -  -        -    49 

105    < 

The  increafe  of  weight  of  five  grains  is  attributed  partly  fo 
water  retained  by  the  lafl  fubflancc,  and  partly  to  oxigeni 
united  to  the  carbon. 

The  I'ubflauce  C  had  the  following  properties : 

Kit 
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1.  It wBi Utterand  aflnngea^^ind  the odoor  of  ortooML 
aiul  formed  with  water  a  darlb4>rpirn  folatioiu 

2.  This  folution  produced  very  dark-brown  precipitates 
with  fulpbate  of  iroq,  acetite  of  lead,  mariate  of  tio»  and 
nitrate,  of  lime. 

S..  Gold  was  precipitated  by  it  in  the  metallic  fiale  from 
ill  iohitioo. 

4.  By  folution  of  ifinglafs  the  whole  was  precipitated ;  (oSaMtacsC 
ihat  after  four  hoars  a  colourlefs  water  only  remained.  wSiSiMalS 

This  prjscipitate  was  nearly  black,  and  was  infoluble  in  tea. 
boiling  water :  from  whence,  and  its  effeds  on  ikin,  it  was 
evidently  a*  variety  of  tanning  matter  much  rerembling  that 
obtained  from  reiiiious  bodies  by  fulphuric  acid, 

.^ut  Ihis  fort  of  Ian  had  left  efied  on  Ikin  than  that  pro- 
cured from  carbonaceous  fubftances  by  nitric  acid,  and  its 
precipitate  from  gelaten  was  more  Oocculent  and  lefs  te* 
niciotts* 

However,  when  a  fisall  quantity  of  nitric  acid  was  added 
to  the  folution  of  the  fubfiaoce  obtained  from  camphor,  and  . 
when  the  refiduum,  after  evaporation  to  drynefsf  was  dil^ 
folved  in  water,  a  reddifli-brown  liquor  was  formed,  whicb 
aded  in  every  refped  fimilar  to  the  tanning  fubiiance  ob- 
tained from  the  varieties  of  coal  by  the  nitric  acid. 

5  VIL 

From  the  experiments  related,  it  appears  that  three  va-  The  dirte  mU 
rielies  of  the  tanning  fubftance  may  be  formed*  ^tor  wificial 

1  ft.  That  produced  by  nitric  acid  with  any  carbonaceous 
fubflancci  whether  vegetable,  animal,  or  roineraU 

2d.  That  formed  by  difiilling  nitric  acid  from  coromOQ 
rcfin,  indigo,  dragon's  blood,  and  various  other  fubftances. 

Sd.  That  which  common  refin,  demi,  aiTafotida.  cam'^ 
plior»  &c.  yield  to  alcohol,  after  they  tiave  been  previottfly 
digeAed  with  fulpharic  acid. 

On  thefe  produds  the  autlior  makes  the  folk>wing  remarks :  Hemarkt  oa 

The  firft  variety  is  the  moft  eaiily  formed.    From  fome  ex-^''*"^ 
perimeots  made  purpofely  it  appears,  that,  after  making  al- 
lowance for  a  fmall  quantity  of  moifture  and  of  nitric  acid  re- 
maining, 100  grains  of  vegetable  charcoal  yield  116  of  the  loo  gram  chsr^ 
dry  tanning  fubftance.  ^^  T'^J'^ 
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I^Vom  tii«  inann«f  in  w)iieh  ii  h  produced,  farbon  ii  «•!- 
•fiheunning  deiilly  ihc  bafe  and  predominBtiiig  clTlntial  riigrediefil  in  thh 
"""*''  fubflance. 

It  iilo  cnntviu       Fyom  4  III.  «spetiinen(  F,  il  aih  appears  llial  llie  othet 

•"'*"'  1''^"'"   component  parU  nic  oX'>;en,    hidfogen,  and   nilrogenj    for 

pd,  when  il»e  nrttficiat  tan  was  diftrtled,  ammonia  »nd  rarbtmir 

Bcid  were  obtained,  psclufive  ot  a   Cninll  podion  of  a  yullow 

Itqior  that  apfieared  to  be  of  an  uily  nature,  from  being  in. 

foluble  III  i*aier  and  alcoliol. 

Many  of  ibe  pruperli™  of  (i>e  (atining  fubtlance  prepared 
from  coal  bj  nitric  ackl  are  very  reniBckable,   particulailjr 
'  llibfe noticed  in  §  III.  eMperiment  F ;  o<  its  having  llie  odour 
'ofanitnal  Hibiiance«  when  bunded,  though  prepared  from  ve< 
'    gelabie  mailer ;   anil  in  etcpetinicnt   G,    of  the  precipitate 
outMrKwnM   liaviiiB  tJie  odour  of  oak  bark,  Ihoueh  the  component  mole- 
I  C,  ^  III.      "s"  ^^'^  inodorous. 
It  rcfemMci  k.      But  lit  moH   t^ttraordinory  propertim  ate  Ihofc  in  t^icTi  ft 


IIKeiDimiltn: 


gctlbleta 
tannftpi 


fu  ncddy  approacbeK  the  vegetable  (anWnl,  whicti  it  perfeAlj 
and  in  alcuho',  in  its  aAion 


n  the  meiallic  ibluiions. 


rcfemble)  in  its  folubilily 

on  gelatvn  and  cm  lltin,  in  ilfieBeai 

on  ihe-alka)i«,  and  on  iheearthi. 

The  ttilplisric  and  muriatic  acids  alfo  afleA  tU  folutiont,  an  ' 
they  do  ibofe  of  tanniit ;  and  the  only  marked  drffcrence  be-' 
Iween  artilkial  tan  and  [aniiin  i»,  that  the  I'ormer  is  produced 
by  nitric  acid,  white  llic  V3rit:lies  of  ihc  latter  are  more  or  Jcfi 
daitroyed  by  it ;  but  here  it  muft  be  reii>enibeied,  that  even 
the  varieties  of  tannin  do  nut  accord  in  the  degree  of  de- 
li rudibility. 

The  fecond  fpeciei  of  the  tanning  fubtTance  is  obtained 

''  fron  a  variety  of  vegetable  bodies  before  recited,  by  digef!' 

ing  and  diRiiiing  ihem  wilh  nitric  acid.     It  is  therefore  not  fo 

roadily  ptepued,  and  Ihe  quantityof  it  produced  is  lefs  in 

prupoftion  (o  tbe  (ubAance  from  which  it  ii  prepared. 

Ai  refill  and  fome  other  hoilies  do  not  afToid  it  unlil  Ihej 
have  be»n  repeatedly  tKaied  wilh  niiric  a<  id,  and  at,  during 
tath  operation,  nilroni  gas  ii  produced,  while  ihc  Rrength 
I  of  the  acid  which  conies  ovef  is  diminilhed,  the  aulhot  Ihinka 
it  almojl  certain  that  the  tanrting  lubflance  is  formed  in  confe* 
qucnce  of  part  ot  the  oiigen  ot  the  nitric  adri  becoming  com- 
bined with  the  hidrogcD  of  the  orij^inal  bod^,  fo  m  tO  fbtm- 
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water;  and  tto  carbon  bMpg  Umm  in  faae iMafura danaddl^ 
18  rendered  capable  of  being  .adted'ODgradiudly  by  tbeailrio- 
acid,  in  a  luanner  nearly  fimilar  to  wbat  takes  place  when  It 
has  been  previoufly  ooaverted  into  coal. 

The  precipitates  of  tbi«  tanning  fabfiance  from  gehten  aM«' 
always  pale  or  deep  yellow,  while  tbofefbraicd  bflbefirft= 
fpocies  arexonfiaatly  brown;  which  induces  the  author  to  be- 
lieve that  the  different  colours  of  the  precipitates  depend  o« 
the  ftate  of  the  carbon  of  the  tannin« 

The  quantity  of  artificial  4an  -obtaiaed  from  relin  and  other  Q^sniity  of  ar^^ 
bodies  waa  alwaya  lefs  than  thai  from  coal>  or  even  from  »b©^'J^,'*t[^ 
fame,bodies  previoufly  converted  to  coal  in  the  humid  way  by  <AQaicoaI»  at- 
fulphurio  acid.    The  caufe  of  this  feems  to  be,  that  a-  numher^"<^^<^  ^^' 
of  other  produds  are  fimuUaneoufly  formed  with  the  tanning 
fubfiance,  all  of  which  require  more  or  lefs-carbon -as  an  tin*'  ■  '" 

gradient;  fo  thatf  according  to.^he  affinities  which  prevaii,  \ 

fomebodies  affoKi  bat liitle»  and  others  none  of  it.      ^  .  .•i.ijj.4.j.^ 

■I'    0y      miff*'   • 

The  greateft  proportioii  of  this  fubftancewas  yielded  bylttpiSporuoiis.^ 
indigo,  common  rcfin,  and  ftick  lac  .  '.  '^JJJ^J^*"' 

The  quantity  obtained  from  aflaibtida  and  gum  ammoniac 
was  lefs. 

Benzoin,   balfam  of  Tolu»  balfiim  of  Peru,  and  dragon's 
blood,  were  iivt'erior  to  the  former  in  this  refpeQ ;  fo  that  theBeasoie  scid 
production  of  benaoic  aad  feemed  to  counteraft  theformalloa  ^Jj^^^JJ^ 
of .  the  tanning  fabftance.     But  oxalic  acid, -when  formed  in  fermstioA  of  cht 
any  confiderable  qnaOtity,  feemed  abfolutely  lo  prevent  ^be^'    ..  ^j. 
formation  of  this  fubftance :  for  gum  arabic,  tragacanth,  man*  trhca  ^niwttit 
na,  and  guiacuro^  which  produced  oxalic  acid  in  abundance,^*J*°'*^^ 
yielded  no  tanning  matter*  ^^* 

Common  liquorice  feems  to  be  an  exception ;  but -the  author 
fuppo(es  that  tho  fmall  quantity  of  4an  produced  4)y  it,  waa 
formed  by  the  adion  of  thfe  nitric  acid  on  a  portienof  aneom*  - 
bined  carbon,  which  being  in  a  (late  approaching  Uxsadi  In 
probably  the  caufe  of  the  blacknefs  of  the  f  onmon  l^uorioek  i 

The  third  variety  of  the  tanning  (ubAaaoe  appeals-  la  J^ThirJ  rarfetv  il 
uniformly  produoed  daring  a  certain  period  ofr^e-fMooelir;  wifitial  Ha. 
but  by  a  long  continuance  of  the  digefiion  there  Is  reafon  to 
think  it  isLdeflroyed..      '    j  •      .    -    .  i*«'-     ..'   <    *  <:• 

Sub(bnces,  fuch  as  gums,  which  yield  much  oxalic  acid, 
do  not  apparently  aftrd  any  of  this  tanning  matter. 

D?  Tba 


Ttie  ciietgy  uf  iti  a^ion  on  gelaten  and  tkin  Is  certainly 
inrerior  to  (bat  of  the  tirll  variely,  into  which  however  it  ma/ 
eafity  be  converted  by  nitric  acid. 

From  fhe  mode  of  its  formatron,  there  doM  not  appear  to- 

be  any  evidence  oi  ils  containing  nitrogen  like  the  fiitt  and 

Tecond  varielie»,  nnd  perhaps  'lie  abfvncc  of  nitrogen  may  fee 

the  caufe  vf  it<  leEt  powerful  aflioiv. 

Eiperimtnts  of       In  tl«e  eourfc  ef  the  communications  ojt  this  fiibjcft,  Mr. 

if^lt' ''^f"'  Hatchelt  notices  the  experimenls  on  tannin  by  Mr.  Btggin, 

CiTyonnmiin,  "'•'  great  contributions  of  M,  Pioud  to   the  elucid:ition  of  its 

•MM*'*  catare  and  pfopertiev,  and  the  »ery  great  exlenirun  of,  and 

valuable  additions  lo  the  fame,  from  the   ingenious  taboars 

of  Mr-  DaTj,  particularly  hU  difcoTery  of  the  lingular  fcft 

that  terra  japonica,  of  catechu;  confiAs  principally  of  tannin.  ' 

Mdinnr,  ini.       The  author  alio  grcMlv  recommends  the  fattier  mveflifra- 

*'■  mijilirive  lioo  of  the  nalure  of  ihc  gumx,  refine,  balfemi,  and  guni< 

Soo  ftnlKi  In-  fefin*,  by  every  peffible  method  ;  and  ii  of  opinion,  that  me- 

v(fli|itiDni  of    dicine,  art<i,  and  manufaflures  may  derive  many  advantage* 

^^       "*'     from  it(  and  the  mylteriouf  procetTci  of  vegetation  probt^ly 

receive  confiderable  elucidation. 


On  carbomfid  Tuff.  Frrm  a  liepon  made  ta  the  Prefra  <^ 
foHet  (at  PnriiJ  on  the  Mtt/iodt  cm-pioycd  fkir  reducing  it 
UtItitSuat.    ByMM.  C.>i.lias  und  Ca'. 


Th«  ufcefturf    *  ^^  ufeof  turf  for  domeOic  fuel  is  of  a  very  ancient  dale: 

•try  incif  nc       Some  of  tlie  moft  eminent  men  of  fcience  have  pronounced  thnt 

iel*t«iayi*cf"    ''  ^"^^  ""'  produce  any  defeterious  elfe£)i.    Without  citing  the 

ttAi.  examplui  of  England  (Ireland),  Scotland,  and  Holland,  where 

great  quantities  of  it  are  confumeH,  we  wA  confine  ourCelve^ 

I') the  ule  made  of  it  in  France,  in  ifie  fd-dnant}  provinces  of 

Flander'!,  Ariois,  and  Picardy. 

lU  ufe  is  novr  tolerated  in  Paris  lo  relieve  the  fcarclly  of 
wood:  the  Irme-barner^,  plaHer-baltere,  brick-makers,  and 
(valhor),  make  great  tife  of  it  both  in  the  city  and  its  vtcinlty  ; 
■od  it  has  never  been  perceived  that  ihofe  who  lived  within 

*  Sonini't  Jounal,  Tom.  U.  p.  334> 


CARIOKISIS   trntLTM  .37 

Ihe  ioliienct  of  its  rrooke,  have  experienced  mtiy  bad  effeAi 

from  iU    The  commiffianers  (emplojed  to  make  Ihit  report)  ^^^**f  It 

obferve,  that;  the  great  volume  of  fmoke  which  it  difepgaged  e^s^^  t,^^^  | 


on  the  commencement  of  its  corobuftton,  is  oaly  cauied  by  a 

^reat  portion  of  water  ConUined  by  ihe  turf^  which  is  ex- 

jKuided  into  Aeam  by  the  heat ;  foon  afterwards  this  bookeis 

combined  with  an  4icid  analogous  to  that  of  vegetable  Ibb-  ^"^  «  «^ 

flaoces«  which*  &r  from  making  the  air  ddeterioas,  tenda  •o  ^^^Mrm  iafcc- 

ihe  contrary  to  neutralize  the  vapoor<  of  infedion  wbieb  it  tioA. 

«iay  contain.    It  is  true  that  fometime5,  for  an  infiant»  the 

turf  in  comholiion  eachaled  an  odour  of  empyreumatic  oil»  in 

Ihe  form  of  gafeoas  vapours,  but  this  odour  is  by  4ie  means  m- 

furious  to  the  a«imal  organifatioop  batf  oa  the  contrary,  is  be- 

aieficial  in  nervoas  afie&tons. 

But  if  this  odour  is  difagreeaUe  when  the  tarf  is  borned  in  Chtrfai  pia- ' 
4owns«  village<9  and  private  iioufes«  this  cosBplaint  cannot  take  Z^JH^iSifh 
{>lace  when  it  is  burned  in  the  open  air  at  a  diftance  from  allof  iu  odoaiw  i 
habitations,  which  will  be  efieded  by  its  previous  carbooi(a« 
iion,  as  managed  by  MM.  Callus  and  Co.  therofoDe  tbceofli- 
{>any  merit  the  public  protedtion. 

In  17di  the  French  Oovernneai  took  a  great  intereH  m 
«rhat  related  to  the  carbonifation  of  turf,  and  granted  80/000  Oonptay  tt 
francs  to  a  company  to  ere£l  a  furnace  for  this  purpofe  on  the^^^^j^^ 
ground  of  the  Capuchins^    The  method  of  this  company  wastbegofsnmeB^ 
4hat  of  extinguifting,  but  their  plan  did  not  (acceed,  and  the  ^  "^  faeessd* 
works  were  abasdocied« 

A  new  company  tried,  fome  time  after,  ihe  fame  enter-  Asotber  com* 
prize,  at  its  own  expence  i  the  method  of  operating  in  clofed  f*y  j^T^^ 
veilels  was  propofed:  the  experiments  made  were  on  a  great  Mvoiudon 
fcale,  and  were  attended  with  a  fuccefs  that  was  certified  by  c*(>^  its  6i» 
ihe  commidioners  of  government;  a  memoir  printed  in  1790,^^ 
by  M.  Mordot,  coniaiaed  tbefe  ftt^s,  with  a  flatement  of  the 
fuperiority  of  tiirf-charcoal  over  that  of  wood.    But  the  dif* 
aftrous  events  of  the  revolution  put  an  unhappy  end  ip  this  en* 
4erpri«e  which  promifed  4b  weH. 

At  prefent  MM.  Callias  and  Co.  olfer  (o  tlie  public  an  ad- CaHSas  sd4  Cb. 
ditional  fpecies  of  fiiel  to  that  hitherto  in  ufe*  a  charcoal  of  a <h«trturfWa 
oew  proceis,  the  materials  of  which  are  fpread  with  profufion       F^""** 
over  the  territory  of  Fra^ice,  and  the  confumption  of  which, 
fceing  fobftitated  for  that  of  wood,  will  at  Ihe  bme  time  benevft  cf  turf 
00  objeft  of  economy  to  individuals,  and  of  incalculable  •d-chjj'^    I< 

vantage         ^^" 


J8 
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in»  futent  the  vantage  to  the  managemenl  of  the  foreft!.     Timber  forlhsl 

ih^f^™"'  «0"fttuafoii  atlimifca  and  furniluie,  and  limber  for  riilp-butlti.  | 
ifig,  daily  incrcife  in  price,  becaufe  they  bct'ome  more  frai«.  I 
Sgmeof  tlieforclls  liave  btcnnie  reduced,  aillic  freth  gruwiht  | 
,  in  them  do  not  keep  pace  with  <hc  dcllru^lK-e  infliumenl  lh»l  | 
everluriu  iljt'in  ;  fotne  of  ihem  lire  enlirely  ilellroved,  and  the  ; 
ground  converted  into  ornamentjl  gardcni;  and  ihui  rsch  ', 
year,  each  month «  each  d^y,  conduftt  ut  infenribly  lea  nitifl 
Alarming  dearili  of  (imbtr.  Already  Ihe  price  of  tiie-wood  ■ 
j&lfipled,  and  Paris  is  on  the  eve  of  being  deprived  of  a  nmi-  ' 
bunible  whicli,  as  yet,  has  not  been  replaced  to  pili-aniii^P 

Tbe  comniil^onvrs  compliment  MM.  Callias  and  Co.  wbofo 

method  of  carbonilatjon  is  peculiar  lo  ihemrelves,  and  cdica-  , 

lated  conformably  to  the  lawt  of  combullion  in  it*  two  fird 

^.  (iages ;   tiiat  is  to  fay,  before  Ihe  arrival  of  il>  third  d<-grce,  nr 

TUt  ti.b3.iiii-  ihal  of  abfolute  combufiion.     MM.  Callias  mtd  Co.  by  liicir 
"&!Uiiiriy     '"«''>'>*''  direa  the  carbon ilal ion  at  their  pUafurttand  m  an 

(ctfeO.  invariable  manner;  they  are  always  lure  of  obiBining  a  pw- 

fefl  charcoal,  without  fm ok ing- pieces,  and  wiilinut  any  nlk 
of  fonning  it  inloapyrophoru!),  which  romelimcii  happeni  Jn  thn  . 
carbonifalion  performed  in  clofed  vcfTels.  Their  manner  of 
proceeding  h  alfo  very  economical ;  and  what  pioveii  that  ibey 
work  with  intelligence  is  that  tliey  daily  improve,  and  alreadj 
we  able  lotaveten  huuri  out  of  48  in  eacbcarboniraiion. 

EiperintcTils  made  'Mih  Charcoal  nf  Turf, 

Iji.  The  charcoal  of  turf  kindles  a  liille  flower  than  that  of 

*    Turf.dBcoal     wood,  but  when  it  is  once  in  compleal  ignition,  it  thrawa  out 

'Slffwod!  ^^  "'*"*  '""'^  '^^ '  '''  ""'""  "  '"^^  rooredevaled.  anri  it  yiddi 

^ircul,  no  odoar,  exc-pl  a  very  Hight  one  of  falphur,  which  ceafei 

when  it  it  fully  lighted. 
Ctntei  vWrr  (o      2.  Charcoal  of  turf,  in  equal  quantity  with  charcoal  of  wood, 
tt'frMd'lJ'""    "»'^''  "  8'*'^"  M"*"''!/  °f  "■»'«  '<»  boil  four  limei ;  while  that 
of  wood  caufed  it  only  lo  b<iil  once.     "The  (vR  a  then  fupertor 
lo  ihi:  fecond  in  a  quadruple  proportion. 

3.  To  prove  that  turf  charcoal  emrls  more  heal  than  wood 
charcoal,  the  following  experiment  was  made. 
It  fufed  ti  01.  With  turf  charcoal,  in  a  goldl'milb's  furnace,  eleven  nonces 
""'"'' '"tiid  "^  B<*'*'  ^^^  '^"f^''  '"  '^K'''  '"'nulej,  which  wiih  wood  chai. 
ciiaeoii'didihecoa!  wat  not  perlormed  in  left  than  lixteen  minmc.  The  gold 
(jjDt  ip  Ititeui  lafi  notbing  of  lU  mellcabiliiy  in  ilie  fulioa  with  the  lurf;  bai^ 
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,fO  .^le  contrary,  it  was  ntqefbry  to, adA  f«o^ '•^**»^*'**  "jJj^Stw'rf^ 
(o  that  fufed.by  ^8  wood  cimrooal»*ia  Ofdcr  to  'efioreihe^^^lJf^ 
pialleability  which  it  bad  Igtt. 


4.  Iron  made  red-hot  by  charcoal  fof  turf  in  a  Acget  i)iscamy>pa^g>< 
.4nore  malleable  ;  which  proved  that  it  gave  nome.of  its  carbon  nulkMe* 

to  the  roeials  with  which  it  caote  in  contad.  liAtlbnlcr 

5.  Finally,  Turf  charcoal  la^s  \ffn^^T  in. a  fftate  of  igmtion 
than  charcoal  of  wood«  ^^d  iti  beat  is  cooiiantly  ^qucL 

CondufioM, 

i.  The  odofir  of  turf  in  combuilion  is  ooway«  deieterioas.  Its 
This  truth  has  been  cooiiripedby  the  moftdiflioKuifliedehemifts 


and. is  b^fidei  proj^ed  by  the  ccoiftant  ufe  made  of  this  fuel  in 
the  ci'devtmt  provinces  of  Fianders^  Arlois,  and  Picardy. 

2.  It  is  defiffil^le  ^at  the  c^r.bonifation  of  turf  may  be  en-  Its  lA 
couraged«  on  account  cS  the  great  advantages  which  may  re* 
fult  from  the  ufe  of  this^nejw  fpecies  of  charcoal,  ^oth  fcr   . 
private  conliimption  and  for  jarge  works. 

But  the  greateft  matter  in  its  favour  is,  that  its  ufe  tends  to"»^^pii>fi 
^iminilb  the  felling  of  the  fbrcRs,  whofe  exteniion  ought  to  be    * 
promoted  by  every  means  ppfible,  and  which  nothing  tends  fo 
much  to  deftroy  as  the  ufe  of  wood  charcoal. 


ii^iw  I    ■■■■  aiifc 


VII. 

Account  (f  tlie  Catara^  and  Canal  of  Troellhattn,  tn  9weden^ 
(from  a  Work  relative  to  them  hy  Colonel  Skio eld taa Alio. 
Fublifiud  ts  01^  Volume  Quarto,  at  Stockholm,) 

JL  HE  caUra6ls  of  Troeilhsetta  prodnce  one  of  tbe  lined  et 

fo&M  which  nature  aibrds  in  Europe.    Tbe  river  of  Gothic  is  Tbt ^  ^ 

(bo  only  outlet  of  the  vafi  lake  of  Wetier,  navigable  through  JjJjJ^oJSifc 
its  whole  extent.    This  river,  which  falls  in  tbe  North  (ea  near  ibon  irfker  its  4j^ 
Gotbemberg,  as  foon  as  it  departs  from  the  lake,  which  is  much  fi^S^!^ 
more  elevated  than  the  fea,  rolls  its  waters  with  inpetuoiity, 
and  daibes  them  againft  lieep  rocksi  whofe  refiftance  forms  a 
fooceffion  of  catamds,  which  without  being  individuaRy  very 
^igh«  form  altogether  a  n^oft  Arikmg  objeA.    Thie  imaginatioo  Ti^jfiiniiSfm 
is  the  more  affefled  by  this  fight,  as  the  furroondin£  fcenes  are  *nkwi^"i*** 
of  a  dark  and  asaiaacboty  c6ara&eri  confiftft^  cf  grey  rocks 

crowned 
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crowned  with  ancient  firt,  and  of  frightful  prectpice<f  formed 
by  the  burfilng  of  the  locks  and  banks^  which  the  forj  of  the 
Raiat  of  locks  water  has  overtarned.  Thefe  lad  were  conihuded  in  the  bed 
^vUch  M  hma,  ^{  ||jg  cajarads,  in  order  to  render  the  river  navigable  through 
fn^^  iathft  its  whole  length ;  but  this  daring  work  of  man  coald  not  refill 
Mof  the  cats*  the  reiterated  efforts  of  nature,  and  therefore  it  was  necedary  to 

have  recoorie  to  another  plan. 
The  cantl  paflcs  The  canal  newly  conftruded  pafles  by  the  fide  of  the  cafa- 
hy  die  fide  of  f^Qs  and  its  bed  is  partly  formed  in  the  natural  rock,  and 
it  partly  cut  in  pvtiy  in  a  roarlhy  foil.  It  was  began  in  1794^  and  finiihed  at 
rkc  rock.  ,  the  end  of  {ix  years,  in  1800.  Its  breadth  is  22  foet,  and  it« 
ieacbninbsr  ^^P^  ^x  ^^^  ^i^  8in  half.  Its  locks  are  eight  in  number*  and 
«f  locki,  tioM.-  its  cofl  amounted  to  the  fum  of  598  J3  pounds  llerling,  which 
of^z^adon,  ^^^  colleded  by  fubfcription.  By  means  of  this  canal  there 
y  The  txttat  of  is  a  continued  navigation,  without  any  intemiption»  from  the 
•nd**'*b»of  P''^''*"^ ^^  Wermcland  to Gothemberg.  In  1 802  the  number 
ve|bb  which  of  veflels  which  had  paflfed  this  canal  amounted  to  13^60y  which 
km  pefled.       ;,  at  the  rate  of  1 190  each  year. 


!• 


vm. 

leUer  Jrw%  H.  B.  K.  on  the  Production  of  Niirotu  Acii,  ead 

other  Fa8$^. 

To  Mr.  NICHOLSON- 
SIA, 

^«P^"jy**      A.S  Mr.  Accum  has  not  anfwered  my  paper,  he  therefore 
^^■rlnrBirr  of      knows  of  no  experiments  which  (hew  the  formation  of  the 


in  watv  nitrous  acid ;  but  anxioufly  imprefled  with  the  fubfed,  I  have 
fod^ttAdl  '  ''^^  performing  fome  experiments,  which  I  think  wiH  throw 
carboaie  fn.      great  light  upon  the  caofe  of  the  nitrous  acid  appearing  in 

eledtrical  experiments. 
Ths  ftitA  bi«  I  paflfed  the  galvanic  fluid  through  a  watery  folution  of  the 
2?]L?R^i?jj^  carbonate  of  pota(h,  made  by  difiilled  water,  confined  in  m 
aitre  |  and  fda-  glafs  tube  where  no  atmofpherical  air  could  have  aocefs  to 
^wL  ST'  ^^'  ^^^  ^  found  a  great  produfiion  of  air  come  from  the  folu* 
^eacftof  Aiuhh  ^^»  which  upon  examinatidi  was  pure  carbonated  air;  and 
tisasi4,    . 

f  8c€  onr  Joonuly  X.  105,  214,  and  XL  105. 

then 
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fbm  ezaininiDg  the  folotioo  by  dipping  a  piece  of  peper  Into 

h ;  opon  its  being  dipped  tbe  paper  (hewed  evident  fignt  of 

nitre  apoo  it,  and  when  horned  it  detonated  the  feme  at  nitre 

woold  have  done  ;  and  alfo  with  tbe  foiution  of  filver  the  al- 

Valine' folation  ftzve  feme  faint  indications  of  the  marine  acid 

being  preTent  in  it.    That  the  folution  (hould  give  indications  Romriu  Tbei« 

of  pofleffing  both  the  nitrous  and  marine  acids  is  not  fo  fur. ??f|^ ?*   • 

pnsingi  as  we  have  the  fame  produds  in  firing  oxigen  and  commoodeio 

bidrogen  gafes,  according  to  the  foreign  experiments  P""^**^^^'** 

pallj  the  nitcom  acid,  but  with,  it  a  fmaU  quantity  of  the  ma. 

rine  acid. 

I  then  filled  the  tube  (af^er  wafhing  it  clean)  with  pore  Poic  vsfer  | 
diftilted  wuter,  and  fent  through  it  the  galvanic ^uid  ;.  and  I  ^^HkuteT 
obferved  a  generation  of  airs,  which,  upon  examination,  ap* 
peered  to  be  the  airs  ufualty  formed  in  thefe  experiments,  as 
Ihey  exploded. 

After  this  I  filled  tbe  tobe  with  a  folotion  of  pore  polafh  in  Pyrt 


diflilled  water,  and  no  air  came  from  it  opon  galvanifing  it ;  *^*f  ^^"^ 
if  any,  it  was  carbonated  air :  But  opon  examining  tbe  foia-Sii^  teitodi. 
tiont  it  gave  clearly  the  fame  indications  of  poifeiSng  the  ni-  ^'Jr^V"* 
troos  and  marine  acids,  as  the  carbonated  folution  of  pota(h 


did  in  the  firfl  experiment. 

Now  exempt  from  all  hypothefes,  let  us  examine  thele  in-  lUmtrks.  Th« 
tereiiing  fads  ;  Tbe  carbonated  po(a(h  had  its  carbonic  acid  **'^«>««  J^ 
air  expelled,  clearly  from  the  acid  or  acids;  as  we  Icnow  that  ftcm  r«»T^^  bja 
it  coold  not  part  with  its  carbonic  acid  air,  hot  from  the  adion  ft<«>gttMU 
of  a  fironger  acid.     Alfo  another  more  elTential  fad  it  proves  ^^j^Tititai* 
jo  OS,  that  the  generation  of  the  peculiar  airs,  what  are  called  fmd  that  tha 
oxigen  and  bidrogen  gafes,  are  owing  to  the  acids ;  for  when  3r.2«  irofc  ' 
the  potafh  was  in  tbe  water  as  to  arreft  or  attrad  them,  there  frenthefeadds* 
"were  neither  of  thefe  airs  produced ;  and  opon  examining  the 
diftiHed  water  (in  the  experiment  in  which  they  were  pro« 
doced)  after  their  production,  there  was  no  acid  in  tbe  watert 
but  it  was  pure  diflilled  water.     Therefore,  beyond  a  doubt, 
themtroos  acid  is  edbntialty  concerned  in  the  produdion  of 
thefe  peculiar  oxigen  i^ni  Mdrogen  gates  :  indeed  Mr.  Cruick- 
ih^ks  fay 8^  that  upon*  fufing  thefe  airs,  be  found  in  the  refi* 
floUm  the  nitrous  acid. 

Thefe  experiments  were  performed  by  two  Ihort  gold  wires  Tht  Tiwrtifftyg 
^tached  to  each  end  of  the  gvlranic  pile.  But  upOQ  phcing  ^"'^  ^'^  (^* 
#  pretty  long  iron  wire  to  tbe  filver  end  of  the  pile  inftead  of 

tbe 
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(he  gold  one,  a  Utile  bjdrogen^gas  w^.prodaced}  eTen^S)^ 
fhe'po(a(h  was  mixed  vrilh  the  difiiUed  Wsteir^  ^^ui^i).  ^j^f^o 
was  none  when  it  was  a  gold  wire. 

I  hope  Mr.  Nicholfon  you  will  not  refufe  the  inCertJon  of 
thefe  interelling  h6is  in  your  Journal^  for  I  Iiave  ina4e  (jpa 
relation  of  them  as  brief  ^s  poOible  that  (hey  might  not  gccjiipy 
too mueii  room** 

Imdon,  Jugujt  15. 


a^ 


IX. 

Report  ofM.  Debuc's  Memoir  on  Acetic  Acid,  made  by  At*  M, 
ViAVCHt  and  BovLLAY,  hy  Order  qf  the  Sooidty  gtf  Pkor-* 
maey  at  Paris  f . 

IC  Debnic  fe*  j^^.  Debuc  faw  in  the  AnnaUs  de  Cfumie,  No.  109,  a  method  of 
MlCT^tpfocH't  ^^*  S^^lli^^  apothecary  at  Chartrcs,  for  obtaining  acetic  add 
tA  cfciatfi  afet!c  very  readily  from  a  mixture  of  equal  parts  of  fulphate  of  coppec 
^ cnLatf  •"^  acetate  of  lead  by  a  moderate  heat, 
fulphate  of  cop-  Relying  on  this  procefs  M.  Debuc  made  an  exad  mixtum 
P^'*  of  two  pounds  of  fulphate  of  copper  and  an  equal  quantity  of 

acetate  of  lead,  which  he  expofed  in  a  diftiliing  apparatus  on  a 
fand  bath  to  a  moderate  fire,  which  he  increafed  by  degrees 
The  PTtxIuft  daring  the  operation,  which  laded  for  fix  hours :  Ihe  prodp^ 
r^***  \II!S**  <>'>**'n^  was  26  ounces.  It  was  given  to  a  manufai£^rer» 
^o  ^deon-  without  examination,  and  being  ufed  in  his  bufinefs prodoc^^ 
traqf  to  die  an  efiedl  entirely  contrary  to  the  acid  extraded  from  cryflab  of 
tcid.  copper. 

The  procefs  l^i'  circumdance  determined  M.  Debuc  to  repeat  tbepr<^ 

again  repeated,  cefs  as  before,  and  examine  its  refuhs  carefully :  In  which  b^. 
^foUy^eit^  obferved  the  mixture  of  the  two  falls  to  become  pafiey,  yvkidk 
ypined.  is  eafily  explained  by  the  difference  of  the  concentration  of 

the  acid  in  the  fulphate  of  copper,  from  that  io  the  fulpltate  qf 
fead«  The  produds  of  this  experiment  weic« 

*  I  am  extremely  ibrry  that  this  commumcation  was  by  pii^jkff 
pbced  among  papers  already  printed  j  which  alone  has  cai^e^  the 
delay  in  its  appearance*— W.  N. 

t  Aaaalci  de  Chiaiei  Ton.  LIV.  p.  145. 

i.Foqir 


ACETIC   ACID.  4S 

_  • 

1.  Four  oances  of  water  (lightly  actdalated.  ^      Pitidaai  of  this 

2.  Foar  dances  of  <  Hctuor  ittbre  acM  thiln  the  firfti  and  which  ^^^ceft^ 
M.  Oebttc  compares  to  good  vinegar  of  Saumur^ 

3.  Eighteen  ounces  of  a  very  limpid  liquor,  with  a  livdjr 
»nd  penetrating  odour  of  acetic  acid  mixed  with  futphurous 
acid. 

The  refidue,  weighing  38  ounces,  appeared  toM.  Debncin  The^tcCdoe  ii 
diflTerent  layers  more  or  Icfs  red,  according  to  their  diftance  g^^^°^^^^^ 
firom  the  bottom  of  the  retort;  and  he  found  the  upper  part 
covered  with  a  whiteilh  powder,  flightly  inclined  to  a  citroo 
colouri  in  which  he  recognifed  the  prefence  of  fulphur. 

Barytes,  the  muriate  of  lime,  and  the  acetate  of  lead  formed  PrecipiMks 
immediately  conliderable  precipitates  with  the  thifd  produd.  SjJS*?j2iVbr 
■    M.  Debuc  obferves  that  the  decompofition 'of  the  acetate  diffcrtntfahi. 
of  lead  by  the  fulphate  of  eopper  may  be  ealily  explai'ned ; 
but  that  here  there  is  a  production  of  fufphorous  acid,  and  a  Sulpliurous  tod 
decompofition  of  the  fulphurlt»  acid  from  the  abfbrption  of  its  j^J^JetMrSe- 
oxigen  by  the  vinegar ;  which  is^  fingular  phenomcnoni  that  buctofappsre 
haa  no  agreement  with  the  affinities  of  the  acidifying  principle  ?^  **•**•  ?•** 
for  the  ucidifiabk  ;xn6ful{fiable  bales ;  he  leaves  the.  explanation  «ted  vinestr. 
of  this  matter  to  more 'experienced  chemifls  and  only  notices 
that  tiic  trBnfportatioi)  of  the  oxigen  of  the  fulphuric  acid  to 
»Both«>r  bafe,  luggelts  the  idea,  tftatucetic aadisJUperoxigenaled 
vinvtrar, 

M.  Debuc  fucceeded  in  freeing  his  third  produfi  from  the  M.  De1»uc\<. 
■fulphurous  and  fulphuric  acids,  by  letting  it  remain  for  about  f**^  j/. ^^' 
24  hour5,  on  twelve  grains  of  fait  of  tartar,  and  about  twoprodudftun 
ounces  of  black  oxide  of  manganefe  pounded  fine,  and  after  V'U"'?"  ^^ 
thatdiftHling  it  flowly;  by  this  reditication  he  obtained  a  pound  jHctiic  acid  pro. 
of  pure  acetic  acid  of  a  lively  and  agreeable  odour,  and  of^"««d>  onede* 
mboat  10  degrees  fpecific  gravity ;  which  is  one  degree  lefs  f|j^  ^j^g  ^^^^ 
than  that  of  radical  vinegar  well  redified,  obtained  from  acetate  noa  kind. 
of  copper. 
'  The  author  concludes  from  this, 

1 .  That  the  produd  of  two  pounds  of  acetate  of  lead,  treated 
with  an  equal  quantity  of  fi^phate  of  copper,  is  twenty-fix 
oonces ;  of  which  four  ounces  is  acidulated  water,  an  equal 
portion  ftrong  vinegar,  and  eighteen  ounces  acetic  acid  altered 
by'the  folphorouit  and  fulphuric  acids. 

2.  That  the  eighteen  ounces,   forming  the  third  produd,  M.  Debticcoa* 
refiified  as  recited,  dbcfs  not  differ  from  that  drawh  from  cryf.  «'****"  **!?  ^^ 

r  ir^ii-t/*  :.  acetic  acid  pro* 

tiUs  of  acetate  of  copper^  but  by  its  ftfs  denfit j.  ^uced  only  di^. 

i.i .  3.  That 


Tbc  npoilen 
iWtBfr-i  pncel 


(bc-xpc 

r 


3.  That  K)  roan^  cafe*  this  acid  may  be  fubftitoted  for  dp* 
muriatic  acid,  ai  an  abje^  of  falubriely  wiiliout  pofTcdiiig  ill 

.  inconveniencics. 

■     Tlie  rrporlers  repeated  llie  pToceb  of  M,  Badollier  willi  lh« 

a  modi licat ion «  advifi-d  by  M.  Debuc  it  Io1low!i. 

They  introduced  a  mixture  of  two  pouiuls  of  fuiphate  of 
Qopjn^,  aiul  (be  fame  quaniiiy  uf  acetate  uf  tcad  into  a  gisfi 

,  relorl,  placed  it  on  a  fand  batli,  and  adjullcd  to  it  a  (ubulaieti 

'receiver,  whicli  cornniuiiicated  will)  Iwo  bottles  of  a  Wolfi 
sppiralus;  the  litft  of  which  contained  diflilled  water,  and 
ibc  fecund  many  pour^dt  of  lime  water ;  from  ihii  lall  a  lube 
was  palTed  underneath  a  jar  in  an  hydro-pneumaiicapparalut: 
the  relort  wai  heated  gradually  to  llie  end  of  the  operation, 
which  [aRed  more  than  |0  hour^  ;  and  the  following  produAt 
were  drawn  from  the  receiver, 

1 .  Eight  ounces  of  a  liquoi  (tniilar  to  diRilled  vinegar,  but 
will)  a  ie(s  agreeable  odour. 

2.  Ten  ouiicet  of  a  Ii<)uor  with  an  unpleafing  odour  of  acetic 
acid,  more  penelratin^  Uian  ihe  firft,  and  nut  containing  anjt 
trare  of  fu1phurou»  ot  fulphuric  acidi. 

i.  Finally  feven  otiiicex  of  a  liquor  (>f  great  limpidity,  witb 
a  very  pungent  odour  of  fulphuroua  acelic  acid,  and  which  dH 
not  precipitate  muriate  of  liaryies. 

A  confideraUc  difcngagcmcnt  of  an  elallic  fluid  wai  ob«  ^ 
ferved,  wliich  became  perceptible  as  foon  as  the  iciort  began 
to  run,  and  which  lafied  dariiig  the  whole  operation. 

This  gafwDx  fluid  wai  abforbed  almnU  loully  by  the  liToa 
water,  (oim'in^  with  it  a  very  abundant  white  precipitate. 
wliich,  gathered  oti  a  filter,  and  dried,  proved  to  be  carbonala 
of  lime :  It  weighed  two  hundred  and  fifty  graini,  which  made 
ihe  carbonic  acid  equal,  according  lo  ihe  known  proportion! 
of  (hit  fubHance,  to  eighly-tiie  grains;  aimofpheric  acid  aIon« 
pafTed  under  the  jar  mised  with  foma  carbonic  acid  gat :  but 
■race  wai  perceived  of  hydrogen  gat- 
Many  layers  of  dilfetenl  colour)  were  found  in  the  retort. 

The  liTlt  was  of  a  beautiful  ^reen,  futrouuded  with  a  circle 
of  yeltowith  while  towards  the  fides. 

The  fecond,  much  more  ihlck,  was  of  a  red  colour,  greatlj 
iike  copper  in  very  finall  panicles. 

The  third  was  a  mixture  of  ftiipbate  of  lead  and  of  coppei 
apt)UCotly  iu  ilic  metallic  Hate, 


The  laft  larger,  which  nccopied  the  bottom,  of  a  blad^Thebwift 
cotopr,  and  (biningt  was  a  nixtare  of  fulphaie  of  lead  and  of  ^^^<^.'*- 
Charcoal.  CMcoTlulphaia 

The  fame  experiment  with  the  fame  quantities  of  the  faht^o^kadaadckw 
was  repeated  a  &cond  time,  with  the  precaution  of  reducing  The'finieHo. 
the  fulphate  of  copper  by  dificcation  to  -j-J  of  its  weight.  The  ccfs  again  rc- 
proda^  from  this  was  preferable  to  the  other.  SS^iL^'^ 

The  fecond  and  third  produAs  were  mixed  and  redified  oo  copper*  tlw 

carbonate  of  potafli  and  oxide  of  manganefe,  with  the  pro- JJ?^**^  *•  ^* 

cautions  indicated  by  M.  Debac :  This  redification  produced  Second  and  tiiM 

an  acetic  acid  of  nearly  the  (ame  fpeciiic  gravity  as  that  afforded  23*"^  "•^^ 

by  fimple  diflillation  from  cryftals  of  copper,  but  of  a  lcf>  a  weaker  and 

ftrong  odour,  lefs  agreeable,  and  befides  mingled  with  fulphu-  lc6  agreeable 

^  •■  acetic  acid  pro* 

'«"*C'^-  .  daced,  milled 

The  reporterit  think  that  M,  Debuc  is  deceived  in  his  the-  with  fulpburout 

ory,  '*  that  acetic  acid  is  vinegar  JUper^xigenatcd  by  the  oxigen  ^^* 

qf  the  JU^hwric  acid  pajing  to  the  vegetable  acid"  for  he  has 

not  confidered, 

1.  That  the  acetic  aeid  is  alrooft  all  obtained i  before  thejUafaHwhyl^ 
fulphurotts  acid  becomes  perceptible.  pekuc't  th«oc| 

2.  That  the  metallic  oxides,  which  are  the  bafi«  of  the ' 
(alts  employed,  have  lefs  attra6lion  than  fulphur  to  oxigen* 

3*  That  the  difengagementof  the  carbonic  acid  is  much  more 
likely  to  explain  the  matter. 

The  coniiderable  produdion  of  carbonic  acid,  and  the  pre.  TfatModaOioa 
fence  of  charcoal  in  the  refidue,  filrprifed  the  reporters  the  of  ^arboaic  acid 
more ;  as  MM,  BoddoUer  and  Darac  (ihe  firft  in  his  notice  of  the  J^i^^tjJ,. 
pri|Kiratton  of  acetic  acid ;  the  other  in  a  memoir,  in  other  cdi,  it  contrary 
refpeds  very  interefting,  on  the  difference  of  acetous  and  acetic  JJ  MM^BoIbU 
acids,)    pofitively  aflert  (hat   in  the  operation  related,  licrelicr  and  Darac. 
Wii  no  other  gajeous  produ6iion  but  that  of  part  qf  the  air  con» 
taincd  in  the  vejfels,  eJpeciaUy  no  carbonic  acidf  and  not  an  atom  nf 
charcoal  in  the  rcfidoe. 

The  rcfult  found  by  the  reporters  fo  difierent  from  that  of 
fd.  Darac,  in  an  experiment  on  which  he  fupports  his  theory 
of  the  identity  of  the  acetous  and  acetic  acids,  was  fo  fikvour* 
able  to  the  theory  of  M.  Chnptnl,  that  they  would  have  been 
induced  to  decide  in  ^vour  of  the  opinion  of  the  Jattefi  if  the 
fallowing  concparative  experiments  bad  not  confirmed  them 
in  a  contrary  notion,  and  appeared  to  them  one  of  thofe,  of 
which  M.  DaracjDight  mod  avail  himfalf. 

Te 


4^'  ACETIC   ACtDl 

Anexpnimcat  To  Toar  oancei  or  pure  concentrated  radical  vinegar  (eu 
^^^f  {*^«"«>  traded  fro*  cryftals  of  copper  by  heat  alone)  were  added  by 
tac's  opiniau"  *^*gfcc8  four  ounces  of  femi^viireous  oxide  of  lead  (litharge) 
in  powder;  which  cotnpleatly  difToIved  \A  it  by  heat,  there  . 
even  remained  an  excef^i  of  acid,  perceptible  in  the  flrong 
odour  of  the  fululion.  Being  laid  by  to  cool«  it  produced  a 
very  irregular  cryftalline  raafs. 

Four  ounces  of  this  mafs  of  acetic  lead,  n^ixed  with  an  equal  . 
.quantity  of  fulphate  of  copper  driedi  were  treated  in  a  con-  , 
venient  apparatus.  The  acetic  acid  produced  had  an  odour 
more  penetrating  and  agreeable :  but  all  the  other  phenomena 
were  the  fame  as  with  the  acetate  of  lead ;  that  is  to  fay,  ttiere 
was  an  equal  developement  of  carbonic  and  fulphurous  acids, 
and  charcoal  was  found  in  the  relldue. 

Which  determined  the  reporters  to  concludci  , 

The  reporters         I.  That  acetic  acid  formed  by  the  diflillation  of  a  mixture  Of  ^ 
conchide  thtt^    fulphate  of  coppcr  and  acetate  of  lead,  is  always  mixed  with    , 
is  always  mixed  fuIphurous  acid,  which  does  not  become  perceptible  till  towards 
whk  fBlphmtms  the  end  of  the  diflillation. 

of  whiok  it  tuk»     2*  T^^^  it  cannot  be  compleatly  deprived  of  this  fulphurous 
not  be  freed  en-  acid  by  the  re^ification  propofed  by  M.  Debuc.  .    , 

buc*ipiOGerst^      ^*  '^^  ^^®  ^'^  *^^^^^'  totally  deprived  of  the  fulphuipua 
and  never  hu  fo  acid»  is  never  of  fo  lively  and  agreeable  an  odour,  as  that  drawa , 
SSiKM the       ^'^^^  ^^'®  cryftals  of  the  acetate  of  copper. .  ,. .     . 

cDmniMi  kind.        4.  That  it  is  preferable  to  dry  the  fulphate  of  copper  before  it  : 
is  ufed. 

5.  That  MM.  Boddolier  and  Darac»  were  mlftaken  Uk  • 
fuppofing,   that  no  carbonic  acid  was  obtained  in  this  ope* 
lation. 

6.  Finally  that  the  produflion  of  carbonic  acid  does  not  U>j.^.j 
more  prove  the  decarbonlfation  of  the  acetous  acid  in  becoqiii^. 
the  acetic,  than  the  fulphurous  acid  proves  the  fuperoxige«  ^.. 

Tttc  dHfereaee    iM^ion  of  the  vinegar ;  but  on  the  contrary  that  it  is  allowabla 
flf  acetous  aoA    jq  conclude,  that  the  diflercnce  of  thefc  two  fubftanccs  is  not 

Sly  ^nST'wwfedby  ^heir  flate  of  acidrficalion. 
depend  on  tht 
asm  of  their 
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Account  (^  the  Imperial  Botanic  Garden  qf  Sehanbrunn,  in  the 

Vicinity  qf  Finwa,* 

iKf  1753  the  emperor^  Francis  the  firft,  caufed  a  porlfbn  ofTliegirdcnefta.' 
gronnd  i>ehind  ihe  garden  of  the  caftle  of  Schoenbrunn  lo  be  S  y^ncii Y/^* 
prepared  for  the  cultivation  of  exotics^  and  of  ptants  remark- 
able tor  iheir  rarity  or  beauty.     By  the  advice  of  the  cele-i'ut  undeirthe 
bratcd  Van  Swielcn.  the  famous  florift  Adrien  Sieckhoven  was  ^J^^^J^^^** 
invited  to  Schoenbrunn  from  Leyden,  who  caufed  many  green- .^VanderScboc 
boufes  to  be  conftrufled  Ibere,  with  a  very  large  and  beautiful  dicfirft  gmlener 
hot4iOttfe, .  and  various  other  buildings.    At  the  fame  time  iQ^ny  exocict 
Richard  Vander  Schot,  of  Delft,  was  named  firft  gardener,  f«>m  HoHmd. 
and  employed  to  convey  to  Vienna  a  great  number  of  rare  and 
eioCic  planttf  bfought  up  in  different  parts  of  Holland,  and 
^at  at  ihe  end  of  on^'year  the  garden  was  already  rich  in 
vakaUe  plants. 

.M.  J^cquin,  who  was  then  at  Vienna,  went  to  vifit  the  M.  Jacquin  fcni 
gardenof  Schoenbruon,  toclafit  thofe  plants  which  had  not  yet ^iie^plUti. 
received  a  fpecific  denomination ;  on  which  occafion  he  be- 
came known  to  the  empe^orj  who  propofed  to  him  to  travel 
at  Ifis  expence  on  the  continent  of  South  America,  aild  in  the 
American  iflands,  to  enrich  the  garden  with  plants  from  the 
moft  diftant  countries.    Accompanied  by  the  gardener  Van 
dcr  ;Schot,  be  departed  from  Vienna  in  1754- ;  and  in  pading 
(hrpogh  Italy  was  joined  by  Jean  jBuonam.ci  and  Ferdinand  Account  of  his 
Barculli,  who  were  entrufted  with  the  zoological  part  of  the  Pfoce«ding«  in 
expedition,  by  which  it  was  propofed  to  improve  the  royal  i^tnds. 
menagerie,  and  thecabirfet  of  natural  hifiory  at  the  fame  time* 
After  having.vifited  the  iilanda  of  Martinico,  of  Grenada,  St. 
Vincent,  St.  Euftatia,  St.  Chridopher,  St.  Martin,  St.  fiar^ 
thol<Mnew^  Aruba,  Cuba,  Caracca,  and  Jamaica,  he  returned 
to  Vienna  in  1159.      From  Auguft  1757  to  the  middle  of 
17599  M.  Jacquin  could  do  little  for  the  advancement  of  Sci- 
ence, having  been  ill  of  a  lientery  for  four  months,  of  which 
be  was  al  lail  cui^  at  Jamaica.    The  war  which  then  com* 
a^ced  betweea  Engbnd  and  France,  alfo  deranged  his  tra« 
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I 
iFcTt.    The  vdTdl  in  which  he  made  his  voyage  was  Ukedn 

and  he  was  thus  obliged  to  pafs  a  confiderable  tiroe^  againft 
bis  will,  at  Montferrat  ami  the  defert  ifland  of  Gonave. 
Thefirft  tarftt  ^"  ^^  month  of  Auguft  1 737  the  firft  cargo  of  plants  for  the 
ef  plants  iliip-  garden  of  Schcebninn  was  (hipped  from  Martinico,  which  nu 
!^efecond  "^•^  at  Marfeilles.  In  the  month  of  February,  1757,  Van- 
cafgp  brooght  by  dor  Schot  returned  mlfofrom  Martinico,  and  brought  with  him 
Vandcr  Schou    f^^^  ^y^^  ^^^^  -^q^^^  ^  ^^^^  quantity  of  trees  and  (hnibs.    All 

this  cargo  arrived  fafe^  except  feme  fpecimens  of  AleHeanidp 
which  were  attacked  on  the  voyage  by  mice.    Tlie  trees  were 
^f  the  height  of  a  man,  and  of  the  thickncfs  of  an  arm,  and 
foroetimes  more.     The  rood  of  them  had  born  fruit  in  their 
native  fuil ;  their  lops  had  been  cut  off,  and  only  fome  of  the 
principal  branches  were  permitted  to  remain  about  two  feet  in 
Method  of  Pie-  ^^^S^ »  ^he  flinibs  remained  in  their  natural  (late.   To  remote 
pviag  the  tites  tbole  trees  from  tlieir  native  earth,  a  circular  trench  was  dug 
^In?  ofMck-  ^^^'^^  each,  at  a  convenient  didance,  in  fndi  manner  that  there 
tef  tbea.  ftiight  remain  attached  to  their  roots  as  great  a  mafs  of  the 

earth  in  which  they  grew  «s  was  poflible.    This  mafs,  which 
formed  a  fort  of  ball,  was  entirely  wrapped  up  m  leaves  of 
the  Myjiif  fecured  with  cords  made  of  the  bark  of  the  hilnjhi^ 
iiUac€uSf  in  fuch  a  manner  tliat  the  earth  could  not  fisll  oaC 
Wcigktofatiee  A  (ingle  tree  packed  in  this  manner,  weighed  commonly  an 
i^tti  packed      hundred  and  odd  pounds.    Tiie  balls  of  earth  were  moiftened 
a  little,  with  the  neceH&ry  care,  and  fufpended  in  the  sir^ 
where  the  vegetation  foon  became  apparent. 
Method  of  trmf-     To  prevent  tl)e  earth  from  being  detached  from  the  roots  M 
porting  the        the  way,  all  the  packages  were  tranfported  in  barks  to  the 
^**^'  pQfl  of  St.  Pierre,  in  Marti/iico;  from  hence  they  were  ftiip* 

pcd  to  Marfeilles,  and  from  thence  brought  by  fea  alfo  to  Leg* 
horny  and  from  this  port  were  carcied  by  mules  to  Sclxenbnina.  ' 
Tliis  was  without  exception  the  richeft  cargo  of  living  planlt 
which  had  ever  been  brought  from  the  hot  countries  to  Eo*  - 
rope. 
The  third  cargo     In  the  Thonlh  of  Auguft,  1756,  Buonamici  fet  off  with  the ' 

^^f^TfoSihr**'  ****^^  **'«^  ^^^^  ^^-  ^"ft*^»*  to  Leghorn.     The  fourth  esigoi 
u4  the  fifth*      departed  towards  the  end  of  the  fame  year.    The  fifth  war 
(liipped  from  Curacao  for  Amderdam,  and  was  aocompaniet 
by  J.  A.  Vefuntin,  who  died  in  Germany  of  the  dyfenteij 
This  cargo  was  extremely  rich  in  corals  and  other  produAir 
ef  the  fca,  which  fiill  form  fome  of  the  mofi  precious  ornur 


B^VAVIC  OAftDBV   or  l«BaNBftUKV»  49 


%r  the  Impmial  Cdrinet.    In  the  fame  yctf  ,  M.  laeqain  fenl  J^  ^^ 

finally,  in  Jannnry  1739,  MM.  Jaa|uio  ami  BnrailU  dnpartnd  brm^ 
with  tiie  fimmth  oai|{o  fimn  the  Havannabt  for  Ffl^ 
sod  arrived  at  Vienna  in  the  month  of  July.    This  Inft  cargo  i^i^i 
was  ]Hirlicolarlj  rich  in  animals  of  every  fpecies. 

Thas  in  Ihefpaoe  of  a  few  years  the  annber  of  piahU  in 
the  ganhm .  of  Schsanbninn  was  coofiderably  encreafed ;  (or, 
befides  thofe  which  had  arrived  from  America,  means  wepBThigivltait- 
fennd  to  make  many  important  acquifiiions  in  diflerent  otlHy^^^j||y 
cootitries.    In  1765,  after  the  death  of  Francis  the  firft,  Maria  cottasrki. 
Theiefa  ordered  the  garden  to  be  conduced  on  the  fame  fi)ot-  ^^^£^^ 
mg  that  it  was  before.    In  1730,  a  little  while  before  tbeSSuiSiiu 
death  of  this  prinoeft,  it  falfered  a  Cnmll  bat  irreparable  loft ;     ' 
the  gardener,  Van  der  Schot,  then  very  aged,  had  been  oofr* 
fificd  to  bis  chamber  for  many  weeks  by  an  attack  of  the  goat. 
Thofe  to  whom  the  management  of  the  plants  was  entrafted 
in  that  .period  aoqoitted  themfelves  with  great  negligence ;  in 
one  of  the  coldeft  nights  of  that  winter,  the  peifoci  who  flioald  Mmjr  f  il«ablt 
have  taken  care  of  the  great  hot-hoofe  forgot  to  keep  up  the  j|"^^[^** 
ftre.    In  the  morning  he  thought  to  repair  thisnegied  by  gcacs  of  pl^  i|. 
heating  it  to  an  nnufual  degree ;  bat  the  fudden  tranfition  firom  |^^fy  ^ 
cold  to  heat  killed  a  great  number  of  fine  plants,  and  among  hot  koafc. 
others  all  the  cinnamon  trees  from  Martinico,  of  which  the 
trunks  were  as  thick  as  a  man's  arm.  the  heads  very  large,  and 
of  the  greateft  beauty  ;  and  alfo  delhoyed  the  plants  Crejben^ 
IM»  Ackrttt,  Amotui,  PoriktntUa,  and  a  CoccoMa  Grand{ft)Ua, 
which  was  20  feet  high,  and  whofe  leaves  were  of  the  fize 
of  two  feet. 

This  garden  alfo  fullered  another  lofs.     A  confiderable  col-  A  cargo  of  phatt 
ie£Uon  font  from  the  iOe  of  France  by  M.  Gere,  arrived  at^"  ^rj^ 
Triefte  entirely  (poiled,  the  trees  all  dead,  and  the  feeds  im-  '^'^  ^ 
prolific* 

At  this  time  the  emperor,  Jofeph  the  feoond,  direded  M« 
Jacquin  and  M.  Bom  to  propofe  to  fome  men  of  abilities  to 
undertake^a  voyage  into  remote  countries.    Profeflbr  Marter  Pi«f.  Matwrnd 
was  appomlad  the  conduQor  of  this  expedition,  and  Dodor^'^^f^^ 
gtupfaa  woi  aflTodated  with  himt  together  with  the  gardenen  ^Ga  la  1783. 
Boor  end  Bredeneyer,  and  the  pamter  Moll.    This  company 
of  travoBers  quitted  Vienna  in  the  month  of  April,  1785,  and 
arrived  in  8q>tember  at  Philadelphia.    They  travelled  over 
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Vcnor^tvanu,  Virginia  and  Carolina.     M.  Boor  along  wiiIl^f. 

Schoiif,.  made  a  journe)i  iniu  Florida,  and  from  Ihcnce  pafled 

SnetjldrK        'o  'he  iiland  oi  Provictence.     M.  Bredetncyet  returned  from 

piano  ifrlvi «  Caroiina.  and  fialliiig  ilireugh  England,  arrivad  al  Vienna  i» 

ihcncwttkJU' November,   lisv,  vfitli  Tevcfat  very  beauliral  planU.     Boor* 

Bnitemcrcr.        who  during  bis  flay  at  the  Bahama  iflandi  liad  collefled  maaf 

lare  plants,  relurned  to  Vienna  in  the  month  of  SepRisber, 

178^.     But  the  painter  Moll  and  Dof^tor  S<upicz  were  Icpa' 

lAled  ffom  their  ftillow  travellers. 

ticiumtjtr  Um      By  the  ordeti  of  the  emperor,  M.  Bredemcyer,  and  tfae 

^''d^ihe     g*!''""^''  Sfhucht,  weottowardt  the  end  of  the  year  178+  to 

lAudi  ind  con-  rejoin  the  diredtor  of  iliis  expedition,   M,  Marter,  who  (^ 

ni  all  ihi«  time   in  America ;  ibey  pafTed  over  many  of 

'  the  great  ittandi  and  a  |>art  of  the  coaiinent  as  fof  at  the  tnosUi 

of  the  river  Oionoco. 

Mmynnpluiis      In    1783  they  relurned  by  way  of  Amlierdain  to  Vieona, 

iSmudM.'"'^""''   *>«>ueht   back  many  rare   and  new  planU.      M.   hfartw 

Uuicr  in  ntt.  aKo  arrived  the  fame  year,  by  the  way  uf  London  aod  BiDffd) 

with  a  new  colkflion  of  plants. 

abiB«<>riAd  The  emperor  had  not  forgotten  the  lofs  of  tlie  plants  from 

^rf^i^!''°  ^^  '1e  o''  ffnce,  and  commidioned  M.  Boor  and  the  gardener 

Scholl  to  go  there,  and  touch  on  their  way  at  the  Cape  uf 

Good  Hope.     In  li>e  monlhof  May  I7S6,  they  arrived  atUie 

Cape  with  the  Dutch  vefeU;  M.  Koor  remained  there  till 

1737,  and  then  departed  by  himfell  for  the  iflo  of  France  and 

M.  Boor  retunu  that  of  Bourbon.     Jn  the  month  uf  .^nuaty,  17  8S,  he  relurned 

S'.n",."^''  ^^   W  'tio  Cape  with  280  catei  full  of  rare  plants;  and  on  (he 

aoth  of  July  in  the  fame  year  arrived  at  Vienna  with  a  g,nat 

number  of  magnihci-nt  vegetables;   but  as  all  lite  cafei  could 

not  be  brought  in  the  veflel,  the  gardener  remMAfd  at  the 

Cape  wtlh  the  remanvler.     There  has  not  &nce  been  an)rf)of- 

libility  of  getting  them  to  Vienna,  as  well  as  many  other 

plants ;  and  llie  gardener  Scholl  remains  at  the  Cape  from  that 

time,  ftnta  whence  he  has  feni  from  time  lo  time  feeds  and 

roMia     Uefidei  this  increale  lo  the  garden,  the.  number  of 

pianU  WAi  augmented  in  dilTereot  iiianner!>.     Thud  »l  tiielitle 

of  the  garden  of  Schwcnk  at  the  Ha^ue,  iJk;  BRtiMmr «aufe<i 

„  all  the  rare  planU  to  be  bought;  and  likewKaSl. 


Il 
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(wi.  icDrii  miiiy  Ton,  wbca  lib  was  bfi  his  travell  o 
wd.'. '""  '^  fall  to  Srfiwrtbninn  many  exMic  plmtt  wlitch  b» 
otliet  guttens. 
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the  emperor  Jofcph  alfo  enlarged  tlie  hot-houfes,   «n<^  ^n'J^i*  J,*/^^^^^^ 
caafed  others  to  be  built.     Iti  order  to  bring  back  Scholl  the  houfes  amlbMiiai 
gardener  to  Vienna,  with  the  plant*  which  remained  in  his  otheti. 
cmre  mt  the  Cape,  the  emperor  Leopold,  in  1791,  ordered  the  Emperor  LeopoM 
{gardener  Bredemeyer  and  young  Van  der  Schot,  (the  fon  of  JJ^  ^"jj^' 
him  who  had  been  with  M.  Jacquin  in  the  Eafl  Indies)  to  (kfl  Cape  for  Scholia 
lo  the  iQe  of  France,  where  Cere  had  colleaed  many  planU  — .^  ^^^ 
for  the  imperial  garden^  and  during  their  return  they  were  to  paflliifi* 
(nuch  mt  the  Cape  to  take  up  all  thofc  which  remained  with 
Scholl.     The  captain  of  the  vefTel,  in  which  the  two  garden* 
en  had  taken  their  palTage  put  into  Malaga ;  where  they  dif- 
corered  in  lime  that  he  had  bad  intentions  with  refpedt  to 
ihem ;  which  obliged  them  to  return  to  Vienna  without  per* 
forming  their  commiOion.     After  the  death  of  the  emperor  Fnndi  II. 
LeopoM,  his  fuccefTor  Francis  the  fecond  had  an  hot-houfe  J^^*^!^^  ; 
conflruded^  235  feet  long,  for  the  plants  of  the  Cape.     A  new  loni  fbr  Cs^ 
garden  was  alfo  eftablifhed,  of  which  Do£tor  Hoft  was  •?•  x*2twiarfen 
painted  infpeAor,  and  in  which  were  carefully  cultivated  all  added  for  planes 
the  plants  whioh  grew  in  the  ftales  belonging  to  the  houfe  of  ^****  Auftriao 
Aullria. 

By  thefe  details  may  be  feen  with  what  care  thi^  juflly  ce- ValaaUc  Bota- 
^el>rated  garden  was  augmented  from  the  reign  of  Francis  the  "»^  ^  u**''^**!^* 
^ri\,  and  all  aftoniAiment  will  ceafc  at  the  riches  it  contains,  o^  Scbvcbiuniu 
and  which   have  furnifhed  materials  for  diifcrent  magnificent 
wcirLs  on  Botany,  fucli  as  the  fcoites  plaiUtirum  varinntm^  pub- 
liflicd  by  M.  Jac'ciuin,  and  above  all»  that  wliicli  appeared  a 
few  years  ago,  under  the  title  of  Plantttrum  rariortnH   Horti 
Cjjtti^i  SchirnbrunncujU  Jrfcripiiotics  el  hones,  in  two  volumes 
folio,  containing  1 50  coloured  cMigravings. 


XI. 

Letter  from  a  Correfjjo^dent  on  the  Mcan^  of  increafing  the  Aclion 
of  Sound  9n  the  Orgam  of  jack  a\  are  pai  tialty  .ia{f. 

To  Mr.  NICHOLSON. 

SIR 

/VXTHOUGH  I  am  fo  deaf  as  not  lo  be  able  to  hear  the  Sonndt  imper* 
beuing  of  a  watcb,  unlefs  it  be  put  clofe  to  the  ear,  yet,  if  I  f'^Jrid^Jbla 
place  one  end  of  a  flick,  or  of  a  metal  rod  between  my  teeth*  thmugh  a  fmd 

^  ^  ""^  teeth. 


5S 


OH   mcXEADMc;   ike    ACTIOK  or  (OVH». 


and  the  other  end  upon  (he  walch,  at  (he  diflance  of  feveiBl 

fwl.  I  can  hear  it  very  diftinflly. 

TIi(  h«iing  I  know   only  two   melhodi   of  allevitling  the  diflicalty  ot' 

•ffiiw'^mf.  ''^'''"It  arlicuUicd  foundi ;  one  ij  by  furrouiidin([  the  ear, 

tog  ihc  ucenul  willi  the  hmnd  open,  and  prelEng  it  (orMkid,  the  Gn|[eri  and 

tfaiimb  being  fixed  behind  ii;  thit  ekpedienl  doei  trwi*  than 

might  beruppaled.     Another  method  it,  thatoftheapplicalioa 

ofa-trumpet;  which  however,  i«  of  but  Ititle  ufe,  conflrufted 

■1  it  is  ai  prefenl.     Thudifcovery  ofany  infliumenl  lofaciliiale 

bearing,  by  being  placed  in  the  mouih  (prob&bly  after  the 

manner  of  a  tobacco-pipe)  would  be  of  great  importance  It)  m 

mimeroMckfsof  our  fcllftwcreaturet,  whofe  facitlly  of  hearing 

FnbitulitT  ihit  ii  ntarly  fuHicieni  fur  common  convetfatiun.     ]f  an  inftrument 

«  \Bltn,ma>t     ftouid  be  invented,  which  will  do  any  th.ng  at  all  in  lhi»  way, 

ol  ta  id  on  ihe  our  experience  in  regard  to  other  inventinni,  encourages  u 

expeflalion,  tb.it  iniprovcmenli  will  follow  :  meani  of  aflifiillg 

humaD  fjghl  have  long  been  devifud ;  Jillie  indeed  hu  been  done 

le  affifl  defeAive  hearing  ;  it  is  however  an  objeti  defervjng  o^ 

more  adentioD  lh»n  ha>  bt^en  bellowed  upon  il.     If  yon  (lioald 

be  fo  good  at   to  rnfrrt  this  in  your  Journal,  I  indulge  a  bop^, 

that  tome  of  your  ingenio«i  cuirel'piindent),  rompal&onaling 

Ibe  urifnrlunale  filualion  ol  Ihofe  whole  hearing  in   imperfef^ 

may  be  lid  to  atlirnipl  difcoveiici,  Ibe  refult  of  which  may  be 

of  extenfive  utility.  It  i»  dcfirable  lo  afcerlajn  the  befl  form  and 

fitt  of  an  eai  trumpet,  and  what  metal  i«  lo  be  preferred,    ^^M 


u  (onnrd ; 

Or  bf  a  min- 
uet, I  ha ugh  m 
caa&ittiUf 


at  tbt  bead  fe 
«  to  m^imfy 
foiwdb 


la 


n,  Sir, 
your  mod  obedici 


1  Servant,   "^ 
A.B. 

Kttemet  to  ''■  S.  On  referring  (o  my  qtiarto  edition  of  the  Journal,  vol. 

(Mil  difaniii'     IV.  page  a83, 1  find  fomeihing  correfpnding  la  my  own  ok 


JoutoaL 


I  Ihall  be  exltemuly  obliged  if  your  humanity  fliouJd 
infert  the  above,  u  it  raay  be  a  meani  of 
exciting  invefligation  on  a  fubjeA  which  ii  certainty  of  great 
cunfequeoce.  ^H 


ANNOTATION— W.  N  .  '^ 

A  CONSIDERABLE  mafsof  fpeculalion  concerning  found^ 

gf  and  the  meant  of  encreaQng  ili  aflion  on  the  organi  of  fenb 

imi  is  to  be  found  in  my  annoUtioni  oo  the  experimenti  of  Perrole, 

'^   at  p.  416  of  vol.  I.  oftticQiiuIaSefieiof  tfaii  Journal.    The 

excelled 
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mcelfenf  ptpers  of  Mr.  GoQgh,  at  page  66  and  160  of  toI.  X« 
of  the  prefeAt  Ofiavo  Series,  concerning  the  aagmentatton  of 
founds,  and  (he  fpeaking  trumpet  hare  added  confideraUy  to 
oor  knowledge  of  tb>t  fubjed.  The  memoir  of  Haflenftatz  on 
the  fame  inAniment  in  oar  Ninth  Volume,  p.  283,  and  ano» 
ther,  bjT  the  (ame  anlhor,  on  the  Propagation  of  Soond,  at 
Vol.  XL  p.  127,  alfo  deferve  to  be  coniulted.  From  the 
whole  confideration  of  the  fads  it  feems  at  if  the  (bnorona 
vibratioQ  ef  the  inftrament  were  of  much  more  confeqneoce 
than  has  hitherto  been  fufpeded ;  and  it  feems  not  impro- 
bable, that  a  large  ftirface  expofed  to  the  aerial  pnlfet  of 
Caund,  and  having  a  tail  of  commonication  to  be  applied  to 
the  teeth,  or  ioferted  in  the  ear,  might  hare  confideraUe 
^eSU  The  oie  of  the  external  ear,  which  has  excited  io 
mach  dilcofiion»  may,  perhaps,  be  of  this  kind.  The  expe- 
riaaent  of  Dr.  Moyes  (Philot.  Journal,  III.  57)  ef  conveying 
found  10  great  dtdance  through  a  firing  may  be  added  to  the 
other  fads ;  and  tends  to  (hew  that  the  fonorous  undulatioo 
does  not  require  to  be  tranfmitted  through  fuch  bodies  «s  are 
the  moft  den(e,  uniform,  and  daAic.  Leather,  or  feltf  or 
pafteboardi  or  various  other  fimilar  materials,  are  move  fra. 
«|tteatly  obforved  to  tremble  m  the  hand  at  ceitain  particular 
foofids  than  many  other  des^e  bodies. 


XIL 

£afy  and  C^rred  Method  qf  verifj^  the  Foriian  of  a  Tra^fit 
Injtrwnent^  By  J.  S.  Bctt,  Efy.  CammumicaUd  iy  the 
Atiihor.  » 

To  Mr.  NICHOLSON. 
S{R,  Paragom,  December  S,  \W5. 

A,  SHORT  note  having  appeared  in  Mr.  Kelly's  new  edition  h^tniUtorj 
of  Spherics,  defcribing  my  method  of  verifying  the  pofilioa  of  i 
a  tranfit  inflrument,  and  thinking  an  account  more  in  detail 
may  not  be  unacceptable  to  your  agronomical  readers,  I  am 
induced  to  trouble  you  with  it,  that  you  may,  if  you  pleafe^ 
ioiert  it  in  your  valuable  Journal. 

Your's  refpedfiiUy, 

JAMES  STRODE  BUTT. 

TO 
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The  ufval  me*       TQ  make  the  line  of  colliioalion  move  in  iiie  plane  of  th«f» 
?u^nntlSftro-'  °*i5"<^«"**  we  are  defired  lo  ohferve  ihe  IranTiU  of  ckcunt 
xnent  by  a  cir-    pplv  (Urs«  and  if  the  intervals  between  the  times  of  tbeir 
cumpolar  ftar,     tranfits  are  equals  the  tranfit  inftrument  moves  in  the  place  of 
the  meridian  ;  for  ihe  axis  and  line  of  coiiimatioo  being  pre^ 
vioufly  adjufied,   it  mu&  pafs  through  the  TeniMi ;  and  if  it 
divides  th^  circle  defcribed  by  any  circumpolar  ftar«  into  l,wa 
equal  partst  it  mufl  pafs  through  the  pole, 
««--  reqiiret  the     .  9ut  here  a  difficulty  ari(es  which  is  a  prol^ble  aUeration^  or # 

ckck  tokeep     ^  ^^j  q£  qniformity  in  the  rates  of  the  clock  or  watch  for- 
tune for  at  leaft  •'  -       ,  ... 
t4  hours.          lO  long  a  period  as  twenty^four  hoursi  or  dqrmg  tlmt  pqr4ion 

of  time  which  the  obferver  may  require  ta  repeat  his  obferva-t  < 
tioDS,  fo  as  U>  be  falisfied. 
I^ethod  indc-         A  method  independant  of  the  rate  of  a  clock  or  walqb  fur. 
P^i^B^  ®^^l'  fo  long  a  timC|  and  alfo  entirely  of  any  other  previous  obler- 
vious  right        vatioos  of  right  afcenfion,  is  a  defideratum  lo  praflkal  aflron. 
afttsfiofli  lie.    nomen,  and  alfo  to  thofe  who  occaiionally  amufe  themfelvet 
hy  obferving  time,  and  the  rates  of  their  chronometers  >n 
their  prefcnt  improved  ftate ;  but  who  may  be  unacquainted 
with  aQronomical  equations,  of  preceffipDt  nutation,  ^c. 
Kule,  ohferre         RulCg  Obferve  the  difference  of  tranfits  of  any  two  circuro<* 
the  tranfits  of    polar  ilars,  that  ^re  fituated  nearly  in  the  (time  aasimutb«  or 
IUrt>  one  above  vertical  circle,  the  one  above  and  the  other  below  the  pole : 

and  the  other     j^d  whofe  difference  of   right  afcenfion    is    nearly   180**  j 

below  the  pole;    ,  .   . 

which  differ  only  (namely) 

m  ihort  time,  for     Obferve,   The  tranfit   of  a  calliop.  above  the  pole,    and 

fewminutw'^t*''°°'^^*^^^^y  after  it  the  tranfit  of  £  urfae  majori|  below  the 

sny  time  after-  pole,  whole  difierence  of  tranfit  is  not  more  than  13  minutes, 

nmds  repeat       ^^^  ^^j.  (^  q^^^^  ^  1^,^^  jjj^  clock  or  watch  may  be  fafely  dc- 

the  obfervation  .  t 

upon  the  ftari     pended  on.  Then  invert  the  operation,  and  ohferve  thelranfit 

when  their  Qf  q^  cafiiop.  below,  and  «  urfa  above  (he  pole.  If  their  difference 
lituations  as  to       _  ^      .      ,      r  ••i«*-  •  i  *•••« 

^e  pole  are        ^^  (ranuts  IS  (he  lame  in  both  obfervations  the  tranllt  initru- 

reverfed.  If  the  iD^nt  is  accurately  in  the  meridian;  if  not  the  error  maybe 
timrbe  ftr TiiM  ^^^^^^  by  altering  the  pofilion  of  the  infirument  till  their 
the  tranfit  is       diflference  of  tranfit  is  the  fame  in  both  obfcr  vat  ionic. 

t  it  muft*bc         Should  the  error  be  great  it  may  be  correded  nearly  by  any 

loitered.  Sec,       of  the  theorems  now  in  ufe ;  {vide  Wales  on  Time-Koepers) 

or  half  the  difiTerence  may  be  fabditoted  for  the  error,  and  by 

repeated  approximation  the  tranfit  inftrument  may  be  aocu- 

faiely  adjuftcdi 


The  advantage  of  this  method  is,  that  you  rely  upon  the  A^Ysntigei. 
liars  keeping  jy»^  of  the  time,  which  would  otherwife  be  kept  ^^^^^^^^ 
by  tbe-dock  or  wateh  ;  and  it  is  of  no  confequepce  wbethe^fbn,  and  not 
the  ofafiervations  follow  one  another  on  the  (ame  day  or  we^^^  ^  ^^'^' 
provided  the  infirumcnt  is  adjufted^to  the  fame  point  of  the 
hori:i^nf  preiuous  to  obfervalion,    for  there   is  little  or  no 
difieraace  in  t^eir  preoeiSon,  &c.  Uuriog  an  interval  of  ft  -^ 

month. 

Another  advant^tge  is«  that  the  obfervations  foUow  each  The  iidit  in* 
other  (o  foon,  that  you  are  not  likely  to  be  difappoi^ted  by  a  y^n  jj^r 
change  of  weather  ;  for  each  pair  of  obfervations  is  complete  of  voAcrsV;* 
as  &r  as  it  goes,  which  is  not  the  cafe  in  the  other  method, 
which  requiring  an  interval  of  twelve  hours  between  each 
obfervation,    a  change  of  weather  is  more  likely  to  take, 
place. 

A  Iranllt  inArnment  is  the  bails  of  aftronoroy,  and  whoever  Other  deiU 
has  the  fixing  of  it  ihoutd  confider  himfelf  independant  of '^^^'^^ 
every  previous  obfervation^  and  ■  ading  entirely  upon  prin- 
ciple, which  is  not  the  cafe  where  the  adjuftment  i#  by  prevL- 
oufly  obferved  right  afcenfion,  and  which  require  reducing  iq 
the  day  of  obfervation;  indeed  nicely  reduced  right  afcen* 
fions  are  not  always  in  the  hands  of  thofe  who  may  be  wifh  io 
be  in  pofleffion  of  a  fimple  and  accurate  method  of  pl^ciq^  a 
tranfit  inllrument  pi;ecifely  in  the  meridian. 

This  method  was  devifed  and  ufed  by  me  fince  1794,  but 
I  have  never  read  or  heard  of  any  one  ufing  the  fame. 

J.  S.  B. 
N.  B.  Proper  fiars  in  this  Lat.  are, 

«  Cafs.  and  t  Urfae  Majoris, 
P  Cafs.  and  J  Urfae. 
y  Cafs,  and  i  Urfx. 
Alfo  the  flars  of  Draco  and  Auriga; 

Cepheus  and  Urfa« 
Perfeus  and  Draco. 
A  large  comet  was  difcovered  at  the  Royal  Obfervatory  A  Istc  ccnet* 
I>ec,  8,  which  paHed  the  meridian  at  6>  24.**  7.  mean  time. 
Obferved  right  afceniion  was     -     333°    6'  ^V 
Declination  fouth    -    -    -    -    -     23*^41'8'^ 
*«*  I  have  iince  heard  that  this  comet  was  not  again  feen, 
but  is  fuppofed  to  have  proceeded  fouth  ward.-^N. 


5ff  SABCMSTHICAL   t 

xm. 


J  Con^arijbit  of  pmt  OhJ^'vatiom  on  the  DmrntH  Variuiiims  nf 
the  Bainmetir,  made  in  Peyoafe'i  Voyage  ronnd  Ikt  tVaild* 
vdth  ihoji  made  <u  Calcutta  by  Dr.  Balfaiir  *, 


IL 

p^mnecnul        1  HE  ftrft  of  the  obfcrvalioni  here  referred  to  were  nadv' 

^I^^"  **"  M-  Lamanon.  an  ingenious  naturalifl  who  ac^companied  Pey 

T'opitibjr        roufe,  and  who  has  given  an  account   of  ihtm,  [fee  fourth 

^"^l^'^Nolume  of  the  Vryage.  oftavo  edil.).  in  a  Iclier  lo  M.  dc 

Condorcei,  dated  St.  Calhartne.  5lh  Noverabet  1785.     Dr. 

Balfour's  Obfervations  are  in  the  A^Aaiic  Rtjiardits  for  l~9t, 

and  a  Ihort  account  of  them  is   alfo  infcrtcd  in  the  fourth 

I  volume  of  the  Tran/aaioni,    R.  S.  Edia.  Hill.  p.  23. 

M.  Lamanon'i  obfctvalions  were  made  in  confequence  of 
inflruflioni  from  the  Acadumy  of  Sciences,  direfling  him  tn 
keep  an  exafl  account  of  the  heights  oF  the  barometer  in  the 
vicinity  of  the  equator  at  difTctent  hours  of  the  day,  with  a 
view  lo  difcover,  if  poUible,  the  quantity  of  the  vatiaiion  of 
that  infltument,  due  to  the  aflion  of  the  fun  and  mtion,  that 
quantity  being  there  probably  as  its  maximum,  while  the  varia- 
tions  arifing  from  other  caufes  are  at  thdi  mmmun. 
sna&ili       M.  Lamanon  was  provided  with  one  of  Kairne's  marine 
Js^nt  '^o'"""*,  which,  he  fays,   was  fo  little  affeacd  by  the 
motion  of  the  (hip,  that  it  might  be  depended  on  to  the  ^^ 
of  an  inch.    In  ihiit  barometer,  he  telUus,  that  from  about  the 
I !  th  degree  of  north  latitude,  he  began  lo  perceive  a  certain 
regular  motion,  fo  that  the  mercury  Rood  highed  about  the 
Rcgnlu  dr»rnil  middle  of  the  day,  froni    which   time  it  defcendcd  till   the 
L'ti'ihrn'"*"  ^^'^"'"8-  ^""^    '"'^  again  during  the   night.     As  they  ap> 
II*.  tt.  proached  the  equator,  this  became  more  diftinflty  perceptiblci 

and  on  the  23lh  of  September,  the  Ihip  being  then  1*  IT 
north  latitude,  a  feries  of  obfervations  was  begun,  and  con~ 
linued  for  every  hour  till  the  Ift  of  Oflober,  at  6  A.  M. 
The  following  abArad  Ihews  the  refult  of  (he  obfervations  na- 
the  2Sth  and  29ib. 

Tvtniji  eiglilh  qf  September. 
Prom  4  lo  10  A.  M.  JBaroneUr  rofc   II.  . 

From  10  A.  M.  to  4  P.  M.  fell 

From  4  lo  10  P.  M.  rofe    0    ^ 

*  From  (he  Hiftoryof  the  Royal  Society  of  £diabar|;b,  IBOS. 
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Twenty  ninik  qf  September. 
From  10  (28th)  to  4  A.  M.  fell     1/.  ^ 

From  4  to  10  A.  M.  rofe   1    -^ 

From  10  A.  M.  to  4  P.  M  fell     1    ^ 

•  From  4  to  10  P.  M.  rofe    1 

The  obfervation  on  the  30th  were  to  the  (ame  effed  ;  mnd   ' 
hence  it  is  concluded  that  at  the  equator  the  flux  and  reiux 
of  the  atmofphere  produces  in  the  barometer  a  variation  of  Tfcc  eMI  !• 
about!  line  Vv  Engliihy  correfponding,  as  M>  Lamanon  x^  SSui^fiij- 
markSf  to  a  height  in  the  atmofphere  of  nearly  100  feet,  the  cowfiitei 
According  to  fiernouilli,  the  adion  of  the  fun  and  moon ^^?/^* 
fiiould'  produce  a  tide  of  feven  feet,  and  according  to  Mr. 
de  la  Placef,  a  tide  not  nearly  fo  great. . 

It  Ihould  be  obferved,  that  when  thefe  obfervations  were  Sit«itkb  cl  <l» 
made,  Ihe  moon  was  in  her  lafi  quarter,  and  the  fun  a  f*w  fJjJ^lrwML 
degrees  to  the  foulh  of  the  equator.    The  latitude  on  the  ihipT** 
2ISth  was  5(y  north,  and  1 1'  north  on  the  29th;  in  the  night  Slie«u>ri^ 
between  that  and  ihe  30thy  the  (hip  croifed  the  line;  and  on^i^* 
th^  SOth  at  noon,  the  latitude  was  42"  fouth:  the  longitude 
idl  this  while  between  17^  3 1'  and  1 8«  33'  weft  of  Paris,  by 
the  time-keeper;  fo  that  the  coaft  of  Africa,  which  was  tlie 
nearefl  land,  was  diftant  about  8^  of  a  great  circle,  and  tiie 
American  continent  about  19^. 

The  agreement  between  thefe,  and  Dr.  Balfour's  obfcrva-  ArffcenMatbe.' 
tions  at  Calcutta  is  very  remarkable.     Dr.  Balfour  found  that  q^\^ 
during  the  whole  lunafion,  in  which  he  obferved  the  baro- and  chofe  of  D^. 
meter  from  half-hour  to  half-hour,  the  mercury  conftantly  fell  2*f^'^ 
from  10  at  night  to  6  in  the  morning  ;  from  6  to  10  in  the 
morning  it  rofe  ;  from  10  in  the  morning  to  6  at  night  it  fell 
again  ;  and  laftly  rofe  from  6  to  10  at  night.     The  inaximum 
height  is  therefore  at- 10  at  nig^t  and  10  in  the  morning,  and 
the  ttdniftatm  at  6  at  right  and  6  in  the  morning.    The  only 
difference    is,  that   in  Mr.  Lamanon's   obfervations,    the 
vmmrnm  is  Itated  to  have  happened  about  4  inftead  of  6. 
!|^s,  however,  will  not  feem  a  very  material  dilferencet 
when  it  is  remembered,  that  the  inHant  when  any  quantity 
attains  either  its  greateA  or  its  leaft  (late  is  not  eaHly  afcer- 
taioed  with  precifion.     From  th;;  obfervations  as  detailed  by 
M.  Lamanon,  the  time  of  the  minimum  feems  to  anfwer  fully 
as  well -to  d  as  to  4;  fothat  the  difference  of  the  refults  is  in 

ever/ 
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every  view  inconfiderableA  and  their  coincidence  on  iim 
whole,  not  a  little  (ingular.  The  variations  ^  in  Dr.  3aU 
foar'f  barometer  between  the  neareil  maximum  and  maximum 
is  fometimes  about  77  of  an  inch,  though  in  general  confider* 
ably  leTs. 
Whether  the  ^^  ^^  abflra£l  q?  Dr.  Balfour's  obfervations  referred  to 

caufe  which  pro.  above,  it  is  remarked,  that  it  feems  not  improbable  that  thefe; 
fea  wiodi^otiU  variations  of  the  barometer  are  connedled  with  the  recipro- 
pfoduce  the  »•  cations  of  the  fea  and  land  winds  during  the  day  and  night* 
|o  ar  cbiBie.  g^^  whatever  may  have  been  formerly  the  probability  of  this 
fuppofition,  it  is  entirely  deftroyed  by  the  obfervations  of  the 
mHim§t  frMlAf  French  navigators.  Thefe  obfervations  were  made  too  far 
"***•  out  at  fea  to  leave  room  for  fuppofmg  that  the  land  winds  had 

—anther  is  it  any  influence  on  the  phenomena  to  which  they  refer.  It  is 
hkely  ^l^  at  the  fame  time  doubtful,  whether  thofe  phenomena  can  be 
tidci  in  tbctAtf  afcribed  to  the  atmofpherical  tides  produced  by  the  fun  and 
as  it  doei  not  moon,  as  the  ebbing  and  flowing  of  the  mercury  in  the  baro* 
^^  '  meter  appears  to  have  no  dependence  on  the  pofition  of 

thofe  luminaries  relatively  to  oue  another,  but  happens,  it 
would  feem,  conftantly  at  the  fame  hour,  in  all  afpeds  of 
the  moon  and  all  feafons  of  the  year.  The  fubjed  is  well 
defcrving  of  a  fuller  inveftigation.*  We  (hould  probably 
before  now  have  had  farther  information  refpe6ling  it,  if 
happily  the  able  navigator  above-named,  and  his  brave  ailb- 
ciates,  had  been  deflincd  to  revifit  their  native  (hores.  Thq 
cruel  fate  of  an  expedition  fo  well  planned,  and  fo  well  ap- 
pointed for  the  purpofes  of  fcience,  will  never  ceafe  to  bo 
matter  of  fincerc  regret. 


AniiQtaiion, — W,  N, 


PiohilNrity  that      I  have  inferted  ike  foregoing  with  a  view,  in  fome  meafure^ 

the  eqnl.iro-     ^  ag-Qf^i  ^  comparifon  with  Mr.  Horibureh's  paper  on  the  fam6 

pical  change  is    -  o       r  r 

caufcd  byafeend.  uibjed,  at  page  1 6.     It  IS  not  without  diffidence  that  I  venture 

ing  and  defcend-  \q  propofe  a  conjedlure  on  this  fubjed,  which  in  hB,  requires 
thft^a^fohere*  ^^^^  confideration  than  I  can,  at  prefent,  bedow  on  it.  Itc 
change  feems  to  me  to  be  governed  by  the  afcent  of  the  air 
whicb  would  take  place  immediately  beneath  the  fun,  if  the 
earth  were  ftationary,  and  the  furrounding  defcent  of  the  iame 
fluid,  of  which  the  circumfiances  and  moiUfications  are  lb  well 

explaine4 
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espbined  by  Prieur  in  his  memoir  on  the  moraiiig  and  •Tend- 
ing dew  (at  p,  86«  vol«I  V.  of  our  quarto  feries.)  The  confider* 
atioos  there  detailed  may  be  eafily  extended  to  (hew  alfo  that 
the  efie^muQ  be  greatly  altered*  and,  in  mod  inftances«  ob- 
literatefi  by,ihe  vicinity  of  bnd  ;  which  even  changes  the  re* 
gular  trade  winds  into  land  and  fea  breezes* 

.^  ■.,  .. .  ■ — —  '  ■  ' 

XIV. 

Abflra^  qf  a  Memoir  on  the  DireStion  and  Velocitjf  qfihe  Motion 
qf  the  Sun  and  Solar  Sj/Jlan*  Bif  Dr.  Hbrschel,  from 
dtcPhiloJbpiUcalTran/a^ioHt,  1805.     (A.) 

X  HE  learned  author  begins  his  paper  by  noticing  Dr.  Maf-  Proper  motioQi 
kelync's  table  of  the  proper  motions  of  36  ftars  of  the  firft  J^/  *"* 
magnitude,  and  conceives  that  if  this  table  affords  proof  of 
motion  in  fiars  in  our  immediate  neighbourhood*  the  changes 
of  pofition  in  minute  double  flars,  many  of  which  are  only  to 
be  feen  by  means  of  the  bed  telefcopes,  iikewife  prove  that 
motions  arc  equally  carried  on  in  the  remoted  regions  of  fpace* 

In  1783,  the  Podor  deduced  from  the  proper  motions  ori>e<>uaiofi  of  s 
the  ftars,  a  motion  of  tlie  fun  nnd  folar  fyftem  towards \  her^^^^^^l^^ 
cules;  and  the  opinion  he  then  conceived  has  been  much  4ire^ion. 
flrenglhened  by  the  confiderations  dated  in  the  following  pages. 
Should  this  do£)rine  be  edablifbed,  many  phenomena  may  be 
accounted' for/  which  without  it  mud  remain  inexplicable. 

Though  it  was  propofed,  by  theadmlflion  of  a  folar  motion,  Conftderitiont 
to  lake  away  many  of  the  proper  motions  of  dars,  by  «nveding  JJ^jj^^^^^J^J^^ 
the  fun  with  a  contrary  one;  our  author  admits  that  it  will  re- 
veal a  vadly  greater  number  of  concealed  real  motions  than 
would  be  neccfTary  to  admit,  were  the  fun  at  red;  and  that 
the  necedity  for  admitting  its  motion  ought  therefore  to  be 
well  eflablifhed. 

The  motion  of  GUelllteft  round  their  primary  planets,  and  Reafoni  frani 
of  thefe  round  the  fun,  fuggeds  the  idea  of  a  revolution  of  the  "[j^y  ^^'Jw 
latter  round  fome  other  unknown  centre ;  nor  are  we  without 
bypotheCes  built  upon  this  conje6ture,^ 

The  poftbility  of  a  folar  motion  lias  been  fliown  by  the  late 

«  See  Syftcme  du  Mon<)e  ^e  X-amberti  p.  15-2|  158.    Alfo  Phil. 

ToMif  ^r  the  year  IT83«  p.  m* 
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Pr.  Wiiro'n,  of  Gbljfow,  upon  iheoreticat  principles ; 
probability,  from  reafoni  of  the  rarac  nature,  by  M.  de  Lalande. 

Tlie  rolalory  motion  of  ihe  fun,  from  which  the  latter  con- 
cludes a  dirpbclng  of  the  folar  centre,  intiicalei  a  motion  of 
irtinltation  in  fpace;  for  it  i)  not  very  probable  that  the  iiit< 
chanical  imprellion  whith  gave  the  former,  (liouW  not  slfooe* 
cafion  Ihe  Uiter.  ThU  however  can  be  adniilled  only  u  t 
pkuliblehypolheliiE,  until  we  aiuin  a  knowledge  of  llie  cufe 
of  Ihe  rolalory  motion. 

This  argument  might  be  flrcnglhened  by  clofely  obfetving 
the  flan  which  change  iheir  magniludei  periodically;  for  if 
ihefe  change!  arife  from  a  rotalory  motion,*  a  real  motion  in 
fpace  may  be  cxp^ed  to  allend  il ;  and  (lie  mullitadeoflhefa 
fur5  is  fo  great,  that  their  concurrent  leflimony  it  defirabJe. 

But  felling  a(ide  theoretical  arguments  the  Ooflor  notice* 
'  that  as  all  parallaflic  raoliont  indicate  ihc  obferver  not  lo  be 
at  rc/1,  il  may  be  neceflary  to  explain  three  forlK  of  motionit 
which  will  frecjuently  be  alluded  lo  in  ihe  following  difcuflion. 
,  Suppofe  llie  folar  fyReni  lo  move  lowardi  a  certain  part  of 
the  heavens,  the  Dars.  loan  inhabitant  of  ihe  earih,  will  apr 
pcario  move  in  anoppo(iledire£lion.  Letip  (Pi.  U.Fig.  1.) 
fcpterent  the  paralla^ic  mniion  of  a  liar;  which,  tf  the  Aar 
have  no  real  motion,  will  alio  be  ilt  apparent  motion;  bat  if 
it  (bould  have  a  real  mulion,  which  in  the  fame  time  (hat  it 
could  have  gone  from  a  lo  p,  would  havecarrled  it  from  «  to  r, 
it  will  be  firen  lo  move  along  Ihe  diagonal  t  a;  and  pa,  being 
parallel  and  equal  lo  «  r  will  reprefcnl  in  real  motion.  The 
triangle  i  p  an  fuppnied  to  be  totmed  in  the  concave  of  the 
heavent  by  three  ardiei  a(  great  circles,  the  obferver  being  in 
ihecentre,  and  ip  reprefent»the  patallaAic,  /i a  the  real,  and 
I « Ihe  apparent  motion  of  the  flar.  The  fituatjon  and  length 
of  thefe  arches  in  fecondi  of  a  degree  will  reprerent  the  direc- 
tion and  (juanlily  of  each  molion;  and  calling  ibe  folar  motion 
S,  Ihe  diDance  of  the  fiar  from  the  fun  d,  and  the  Gne  of  the 
flax's  diHance  from  Ihe  point  toward!  whidi  the  fun  ii  moving 
9 ;  (he  parallafttc  motion  will  be  exprelfed  ihut :  -— ;=  '  p- 
I  A  motion  of  the  fun  will  occafion  parallaSic  molioni  of  Ihe 
Ran,  and  vice  verjh ;  but  lo  afcerlain  if  paralla6lic  moticnt 
extfl,  fuch  Rdii  Ihould  be  examined  as  are  mofl  vi&bly  afleded 


XI.  liTl 


S«  Phil.  Tranf.  fof  the  year  17S5,  p.  68,  ud  inn-  ] 


UOTIOV  OP  THE  iJfW» 


61 


by  fokf  aoCioo ;  which  points  oat  the  brightefi  fttrt  at  moft 
propi#  fior  the  purpofe ;  for  tnj  (hr  maj  have  p«at  real  mo- 
lioB,  b«t  to  have  great  paralladic  OBOtkm  it  muft  be  in  thd 
neighlKMirbood  of  the  fan. 

PataOafiic  tnay  be  diAingoiAed  from  real  motions  bjr  their  The  ptnOMi^ 
direfiioos :  for,  if  a  Iblar  motion  exift,  all  paralladic  ones  "^^  ^^  ^*« 
will  tend  to  a  point  in  oppo6tion  to  the  diredioD  of  that  mo-  ospm&t* 

tion ;  but  real  motions  will  be  indiscriminately  difperfed. 

Under  thefe  diftindioni,  the  proper  motions  of  the  ftars^  if  md  v»in  con- 
the  fun  be  not  at  reft,  will  be  paratlaAic,  or  compofed  of  real  ^^^^^ 
and  paralhiAic ;  the  hitter  cafe  conftituting  the  apparent  mo.  i*"C^''»';* 
tkm  of  the  liar. 

Dr.  H.  next  defcribes  the  n>eeting  of  the  arches  arifing  from  OeduftjoD  of 
a  calculation  of  the  proper  motions  of  the  96  ftart  in  Dr.  Mal^  dis  pwiltaaic 
kelyne's  catalogue  on  a  celeilial  globe,  of  which  ten  were  ^"Sw*£Jj?^ 
made  by  flars  of  the  firft  magnitude,  about  the  conftellation 
Hercttlei ;  beyond  thefe  there  was  no  appearance  of  any  other 
than  a  promifcuous  fituation  of  interfe6lions» — Of  the  inter* 
feeing  points,  that  towards  which  the  fun  moves  is  denomi* 
Hated  the  apex  of  its  motion ;  and  as  the  flars  wilt  then  have  a 
paralhidic  motion  towards  the  oppofite  point,  it  has  received 
the  appellation  of  a  parallaQic  centre. 


latcd 
re- 

fultft. 


loterieAiiig  poistt. 


I  •  Sinus  and  Ardurus,  in  the  mouth  of  ) 
the  Dragon        ...         J 

2.  Siritti  and  Capella,  near  the  follow- 1 

iog  hand  of  Uerculej   -        •    .     / 

3.  SIrius  and  Lyra,  between  the  hand 

and  knee  of  Hercules  - 

4.  Sirius  and  Aldebaran,  in  the  follow. 

hf>g  leg  of  Hercules 
3.  Ardturusand  Capella,  N.  of  the  pre- 
ceding wing  ot  the  Swan 

6.  Arflurus  and  Aldebaran,  in  the  neck  1 

of  the  Dragon    -        -        -         J 

7.  Ar6turus  and  Procyon»  in  the  pre- 

ceding foot  of  Hercules 

8.  Capella  and  Procyon,  S.  of  the  fol- 

lowing hand  of  Hercules     • 

9.  Lyra  and  Proc-von^  preceding  the  fol- 

lowing fiioulder  of  Hercules 

10.  Aldebaran   and  Procyon,    in  the 
braaft  of  Heroriet  ^    «  •  •  • 
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o   /   // 
S55  39  50 

275  9  32 

272  23  58 

265  25  38 
290  0  58 
267  2  19 
235  3  13 
272  51  49 

266  46  49 
260     i  2» 
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36  41  34 
64  21  48 
58  23  24 
44  39  47 

32  7  23 

33  57  20 
46  21  34 
73  7  5S 
6^  48  11 
60  59  S4 
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•(tier  ilui.  be  perceived  in  the  motion  of  ifie  brighleft  ftar*,  Dr.  H.  «»»' 
amined  the  inlerrcfliont  made  by  llic  proper  motiani  of  (omt 
Wgb  Oar;  of  ihe  next  ordett  wilh  tbe  arches  in  whicb  iheftan 
of  ihe  lirtl  magnitude  move,  and  Ivund  ii  which  pire  fimlltt 
refulii  wiihlhc  former  K),  in  pointing  out  the  fame  part  oftfac 
■  bcavena  as  a  pafalla£lic  cenlre. 

Tim  rtfulE  COB-  Changes  in  ihe  polilian  of  double  Aara  indicate  the  latns  rv* 
finned b)  *>»We  fu[,_  3,,^  ,^3)  ilietefore  be  more  eligibly  afcnbed  to  the  eflefl 
of  parallux,  than  lo  admit  of  feparalc  molionn  in  tiiffetttil 
Riti:  foi,  if  Ihe  alteration*  of  the  angle  of  polilian  «rer« 
owing  to  a  motion  of  the  largell  fiat  in  eaehfel,  fuch  rooiioni 
luull.  in  contradi£lion  tu  probability,  lend  nearly  to  one  par* 
ticniar  part  of  the  heave ni.  Thit  argument  derive*  in  valt* 
dily  from  ibe  fame  fuurce  with  ihe  former,  viz.  the  parallaSic 
motious  of  at  lealt  23  more  Han  pointing  out  the  fame  apex  of 
s  foiar  luotion,  by  their  diiedion  to  it*  oppofiie  parallaflic 
peutre. 

The  incongruous  mixluie  of  great  Telocity  and  extreme 
flow  iieft  in  Ihe  proper  motioni  of  the  ftars  of  the  fame  tnagor* 
d'^ccdrromit.  ludc,  19  rt)mov>,'d  by  Ihe  con fi deration  of  parallax  from  ihc 
folar  motion  ;  and  it  will  be  fecn  that  there  h  a  general  coO'- 
fiHency  in  vhcir  motion'.  The  fame  (ibfervalion  is  alfo  oppli- . 
tabic  with  rcfp«ct  to  the  fideieal  occultation  of  a  fmall  fiar 
intheSaan.  ! 

InTeDiftion  uf  Dr.  H.  L'onclbdcs  fiou  the  foregoing  premifes,  Ihat  Ihs  ex>  ! 
the  clii«ai(.n  of  pediency  of  admitliBe  a  folar  motion  will  not  be  quefiloncd, 
and  piogeedi  10  invcJiigate  ili  direclion.  He  begms  by 
pioving,  that  when  Ibe  proper  motions  of  two  flars  axe  given, 
an  apex  may  be  found,  towards  which  if  the  fun  be  fuppofed 
In  move  with  a  certain  velocity,  the  two  given  motions  may 
be  nelolveil  into  apparent  changes  ari&Dg  from  fidereal  pa- 
rallax, the  fiar;  remaining  perfefily  at  re/1.  For  we  maO 
admit  more  motions  than  are  fufficient  to  account  for  tbc 
obterveU  changes  in  the  filualion  of  the  Oars ;  and  it  woiitd  be 
wrong  Id  have  recourfe  to  the  motions  of  two  flars,  when 
of  Ihe  fun  aloae  may  be  fufficient  to  account  for  both  ; 
which  cunfideraliun  would  be  a  fufGcient  inducement  for  fix- 
ing at  once  on  tlie  calculated  apex  as  well  as  on  Ihe  relativ-o 
difUnces  affigned  to  tlie  two  flars,  could  olhi;r  proper  moliorta 
be,  with  equal  facility,  refolded  into  fimilar  parallaflic  ap- 
MUBDcet :  but,  when  a  third  lioi  dou  not  dixtiX  Utwuds  ilid 
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mpex  » the  faraaier  tvro>  its  apparent  motion  cannot  he 
nrfolved  by  ihe  efTeft  of  parallax  alone ;  and  this  difficulty  is 
brtlMr  enhanced  by  the  number  of  apicet  required  to  folve  alt 
praper  motions  into  parallactic  ones,  increafing/  not  as  the 
iMBiber  oi  flara  admitted  to  have  proper  motions,  but»  when 
their  fitaation  is  favoai^ble,  as  the  fum  of  an  arithmetical 
fcriei  of  numbers,  beginning  at  0,  continued  to  as  many  terms 
aa  there  are  flan  admitted. 

Tbe  aoibor  here  propofes  an  illoflration  of  his  fobjeft  by 
oonfidering  the  three  apices,  or  interfering  points.  No.  1, 
2,  5,  in  the  foregoing  table. 

The  diftance  of  Ardurus  from  the  apex  of  the  folar  motion  Namelr  ArBrnm 
IB  found  to  be  47*  V  6",  aijd  its'parallaaic  motion,  which  is  ""  "^  ^'^'^^ 
»•  the  fine  of  that  didance  2.0S718^^  which  is  the  apparent 
notion  of  Ar6iarQ5»  as  eltablifhed  by  obfervation. 

Admitting  Sirias  to  be  a  very  large  Har,  at  the  difiance  of 
1.6909  from  as,  and  computing  its  elongation  from  the  apex 
of  the  folar  motion  at  1S8^  5(y  14.3'^  its  parallactic  motion 

will  be  — ^  =z  tp  ss  1.11528^',  which  alfo  agrees  with  tbe 

apparent  motion  already  afcertained  by  obfervation  as  the  pro- 
per fflOtiMi  of  Sirius. 

The  diftance  of  Capella  firom  the  apex  of  the  folar  motion  is  Hence  the  p»* 
$0^  54'  46",  and  admitting  the  velocity  of  the  fun  towards  '^'a^ic  notioa 
the  before  given  point,  it  will  occa6on  a  paralladlic  motion  of  Capdu  *ii «-' 
Capella,  in  a  diredion-  89^  54'  48'^  fouth-following  its  pa-<iuGed; 
rallei,  jimounting  to  2,SV25'\     Capella  is  here  taken  for  a 
i!ar  of  the  firfl  magnitude,  fuppofing  its  didance  from  us  to 
be  equal  lo  that  of  Ar6turu<:. 

By  conftru^ing  a  triangle,  the  fides  of  which  reprefent  the  and  by  refolvinr 

three  motions  of  every  ftar,  not  at  reft  :  one  of  the  fides,  re-  ^"  *°^  '^«  »P- 

4-      .        .  .  1,  .  1  .o«^*/     .L    PM«nt  motion 

prefenting  ihe  apparent  motion,  will  be  equal  to  0.4637'  ;  the  and  uother, 

other  Gde,  being  the  paral'aaic  motion,  ii.8l25'';   and  the  ^his  Uft  wiii kc 
included  sn^le  iS*  \</  27",  from  which  will  be  oblaiqed  the  j^^^'^'J^I^^"" 
third  fide,  or  the  real  motion  of  the  flar,  2.37:>7''.     By  the  (fuppofing  cbc 
given  fituation  of  thii  triangle  with  refpeS  lo  the  parallel  of  hmnone.)* 
declinaiion  of  Capella,  the  an^le  of  the  real  motion  will  be 
bad,  which  is  S6^  3V  1 1"  nor ih-following  the  parallel  of  this 
ftar.     A  compofition  of  the  paralla^ic  and  real  motions  in 
ib^  diredions,  will  produce  the  annual  apparent  motion^  as 
eft abliOied  by  obfervation.   _ 
It  IS  here  obferved,  that  although  the  proper  motion  of  a 

third 
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H&n  tr  i«  Me  ar  ihird  Har  1^  Kcounled  for  by  reUining  ih«  (amt  tpex  of  8i 

^'^UJj^;^  folat  molicn  which  explained  Ihe  apparent  motioni  of  tbe 

U  ilciikd  ta      oiher  two,  yet  a  great  degree  of  real  motion  hat  been  allignod 

^V^  i           to  Capolla,  of  which  A  tflaru*  and  Sitiui  have  been  sUogotlier 

H^                    deprived}  which  fliewi  ihiit  ihu  apex  of  folar  motion  mull  be 

^H                    (o  lixed  a<  to  be  eijually  favourable  to  every  (lar  proper  lot 

^P                    direfliiig  oitr  dioice.     Hence  B  problem  arifes,  for  difcoveririg 

hotibaapM       a  pnint  whofe  (itualion  among  ihtee  given  apicei  fball  be 

"««kt^"h.  f"'^''  »'  ''  •'"=  """"'^  """'""  ■«  "i'^Sed  tow-ardi  it,  there  nay 

tuinwDuniM    be  lakci)  away  ihogreaieftpoffible  quantity  of  proper  motiun 

that  hy  a  change  of  the  diflance  of  the  apex  from  any  one  of 
the  llar».  its  parallaflic  moiinn,  whifh  is  a>  ihe  Cne  of  that 
dillince,  will  be  atrc£led  ;  fn  thai  it  is  Dol  inecely  the  allera- 
lion  of  ill*  angle  of  direction  which  ii  concerDed.     From  the 
fotution  of  this  problem,  a  mu«h  more  complex  one  woald 
arife,  as  (hree  (l;ir>  would  ceriaialy  not  be  fullicient  to  dired 
the  prefeot  endeavour  lo  find  the  bell  filuation  of  an  apex  foe 
the  folar  motion. 
tonmi  mo-        't  *"  hefote  Ihewn  that  the  brighlefi  flafsare  the  mofi  pro. 
bni  of  G(        per  for  derowdraiing  the  efTea  of  parallax,  and  thai  in  fearcbing 
■'•'"  **"        after  llic  dlreBion  of  the  folar  motion,  the  aim  Ihould  be  to 
reduce  the  proper  motions  of  the  ftars  lo  their  lowell  quantitiei. 
The  fix  principal  Aar;,  wbofe  interfeCttng  archet  have  bemi 
given,  when  their  proper  motion*  in  right  afcenfion  and  polat 
tliflance  are  brought  into  one  diredion,  will  have  the  following 
apparent  motions : 

1 

i 
1 

1 

HiiTCiirfihe 
Sur). 

DIkAmb  of  Che  ippircnc  Uodoai. 

tbcppuui 

SirrBs, 

Acaariii, 

Capella, 

Lyra, 

Afdebi<-an, 

Proeyon, 

Gi"  ♦9'    40.7"  South-precedtng. 
M     -ja     *2,0    Ditto. 
71      35     22.4.     Sooth-following. 
56     20    57.3     North-following. 
76     29     37.3     South-following. 
30      2     24.3     South-preceding. 

1.11528" 
2.08718 
0.4637+ 
().32MS 
0.123*1 
1.23941 

Sum  of  the  apparent  Motions, 

5.55337 

IMIUhM 

1 

ItorZOV  OF  Ttt«  SUIT*  65 

tn  feeking  t  Iblar  motion,  which  requires  tbe  leafi  motion  Deaaaion  of  a 
in  Ibe  above  fix  ftaw,  let  the.line/ia»  Fig.  1,  fchich  >'^'«fenl«ft!j^,^^w* 
the  real  motion^  be  broaglit  into  tbe  fituat:on  ma,  and  the  real  real  moctons  of 
tnolion  required  will  4hen  bo  at  a  nintmuiD.    If  by  the  choice  ^^  *^ 
of  an  apex  for  Che  folar  motion-  (he  angle  at  s,   made  by 
the  lines  » p  and  t «,  can  be  leflenedt  the  quantity  of  real 
motion  required  to  bring  the  Har  from  the  paralladic  line 
Mpm  to  the  obferved  pofitidn  a,  will  alfobe  duniniflied. 

tt  ba<  already  been  'fiiewn  that  When  two  ftars  only  are  given,  A  flngie  line 
the  line  sp  may  be  made  to  coincide  with  the  line  saot  both  jj^^  of  pa* 
flar»j  whereby  their  real  motions  Are  reduced  tp  nothing;  and  ralladic  eflfea 
that  when  three  ftars  are  concerned  fbme  real  motion  muft  be  "*  *^  **'*' *^' 
admitted  in  one  of  titem,  Now^  f!nce  all  parallaQic  motions  are 
directed  towards  the  fameVei^teri  ft  fingle  line  may  reprefent 
the  diKAioa  df  the  effeA  of  tbe  pardltax.    Thereforie»  let  iP 
or  J  S,  jn^^:  2,  ftand  for  the  direQion  of  the  paraAadic  motion 
at  the  flats ;  and  as  in  the  foregoing  table  we  have  Che  angl^ 
of  the  apparent  motion  of  fix  ^ars.  with  the  parallel  of  each, 
the  direfiion  of  the  line  «  P  or  ^  S  muft*  be  computed  with  the 
parallels  of  the  fame  fiars.  which  may  be  done  as  foon  as  an  apex 
for  the  folar  motion  is  fixed  upon.    The  difference  between 
thefe  angles  and  the  former  will  ^ive  the  feveral  parallafiic 
angles  P  5  a  or  8 1  a^  required  for  an  inveftigation  of  the  leaft 
quantity,  m  a,  belonging  to  every  flar. 

The  author  exemplifies  what  he  here  lay<i  down,  by  fuppofing  Computatnn. 
the  fun  to  move  towards  \  Herculis ;  and  calculating  the  re-^'^PP^^"'  ^^ 
quired  angles  of  the  direction  in  which  the  effe6l  of  parallax  toimds  x  Her- 
will  be  exerted  with  the  fix  flars  already  felcded,  he  obtains  c^** 
the  angles  of  the  parallaftic  motion  with  the  parallel,  the  dif*- 
ference  between  which  and  the  former  apparent  angles  with 
the  paralM  of  each  fiar  gives  the  angles  of  the  apparent  with 
the  paralfadic  mortion,  as  reprefented  in  Fig,  2.    The  lines  «  a     . 
reprefent  the  annual  quantity  of  the  apparent  motions. 

When  the  fituation  of  the  laft  mentioned  angles  is  reguTateii        "     " 
«l  in  the  figure  alluded  to,  the  feveral  lines  m  a  may  be  drawn 
perpendicular  to  S  P,  and  by  computation  their  quantity  will 
be  found  to  be-^ 


I 


# 


'  •  p 


< 
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Afftunu 
Capvlk 
Lyis    - 
.Aldeb«r»a 
p[oc>oii 

Sum 


1.2878^ 
O.lOftST 
0.11281 
O.C>IIOt 

2,122+91 


I 


Itt  ttuioan. 
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1'l.c  Rfalt  oTUiIji  invefligalion  ii,  lliat  b}'  admitting  a  motion 
«f  the  (tiii  towudi  X  Herculii,  the  annual  proper  moltoni  of 
the  tJK  tiari  alluded  to,  of  whtcb  tbe  luro  it  3.333T",  may  be 
reduced  to  real  matton^i  of  no  more  than  2.'22i9". 

The  aultior  here  obferves,  that  although  the  prectfe  place 
^of  the  bed  a\iei  it  difficult  to  afcettain,  a  more  favourable  one 
than  thai  dbove  propofed  may  be  obtained  :  for,  by  JDlpefUon 
of  the  figure  which  reprefenls  the  quantiliei  ct  real  motion 
required,  when  ^  HercuUx  is  lixed  upon,  it  will  appeu  that 
fcy  a  r^ular  method  of  approximation,  the  line  S  P  may  be 
turned  into  a  fltuation,  wherein  all  the  angles  of  the  apparent 
motion  of  the  {ix  flan  will  be  much  reduced;  and  it  i>  evi- 
ditnt  that  the  pBtalta£lic  line  S  V  Ihould  be  turned  more  towardi 
the  tine  sa,  repiefenting  the  apparent  motion  of  Sirius.  He 
accordingly  (riet  a  point  near  the  following  knee  of  Her- 
cules, whofe  right  afcenfion  in  270^.  15'.  and  north  polar 
diflance  ji*.  ii',  fee  Fi^.  3,  the  quantities  required  fur  con- 
nruding  vvhli.'h  are  found  by  the  fame  nelhod  ai  already  de- 
fcribed  in  h^.  2.  By  a  calculation  uf  llie  angles  and  l)ie  \^H 
quantitiei  of  real  moliani  according  to  ihit  apex.  It  appeared 
ihat  theannual  motion  of  the  fix  Itars  was  reduced  to  1.1294''. 
which  iiO.T655"Ief«  than  when  ihe  apex  was  ^  HerculU. 
SuptuiJliian  ihjt     In  the  9ppio\imalion  to  thi)  point,  it  appeared,  that  when 

Sinai  m«T  be     (he  line  of  the  narallaflic  motion  of  Siriui  was  made  to  coiitcidi; 
n.niAiacd  b*    . ,  .  '  ...  -  ,    .       ,, 

Diralhi.  II  *'"'  '^*  apparent  motion,  a  certam  mmimum  might  be  eauly 
obtained  of  the  other  parallaflic  motiont.  But  as  Sirius  has 
not  the  greatell  proper  motion,  the  author  conceived  lhat 
anoilier  minimum,  obtained  from  Ihe  line  wherein  Atflurus 
appi^r<i  to  move  might  be  more  accurate ;  as  this  flar  from 
i((  great  proper  motion  may  be  more  affefled  by  the  parallax 
,  u  aiifing  from  the  motion  of  the  fun.  He  therefore  chafe  a  point 
not  only  in  the  line  of  the  apparent  motion  of  Arcturus,  tut 
equally  favourable  to  Sifiui  and  Procyon,  iht  remainisf  Iws 
Rtn  which  have  the  greateA  stotiou.  , 

"  '<U 


irlehtcai 


■r  AcAwi 
hning  th< 
imCcA  ipfircnt 


MoTioit  ur  T«c  (wir. 

*■  If  the  principle  of  deteriBtiiing  ihc  <)ire£lion  of  liie  fuUt 
■ration  b^  the  ftsn  which  hare  thep'eoteft  proper  muli'in,  be 

'^aUUttd*',  oUef««*  Ibe   Mtbor.   "   the  fullo«iiij  apex  tnuii  Apero 
te  cxtrtsady  new  ibe  Unlh  i  (or,  ao  alleraiion  of  a  few  mi-  '"'''•* 
Ruln  in  right  stixnGon  or  pdaf  diltence  ehher  way,  will  im- 
iR«tJiateI}  increafc  th«  required  real  molioni  of  our  Jlati.     ll« 
place  ii,  right  afccfifKM  2  W'  512'  iQ",  and  north  poUr  <hftai>c« 
«0'  ie;"'.     The  Calculation  U  delintated  in  Fig.  4.    The  fum 

'  ai  the  leafi  quantiite*  of  icat  motion  in  (hit  experiment  ii 

•d  93593",  Icfi  than  ihe  former  by  0.503*3". 

la  lliefi;  calculationi  the  author  hai  proceeded  upon  the 
principle  of  otoainin);  the  leaf!  pofltbie  quantity  of  real  motion 
le  alcctlain  d<e  molt  faroiirable  fituation  for  a  folar  npexi  and 
feat  proved  itiat  the  fum  of  the  obfeived  proper  motions  of  the 
Sx  principal  fiari  may  be  the  refult  of  a  compofitinn  of  two 
other  ototiont ;  and  that  if  llje  real  motion!  were  reduced  to 
tbtat  GbjIIcI)  polSfate  c|iianlities,  ihey  would  not  exceerl  0.9559. 

Tta  Oodor,  however,  feemi  to  lliink  that  ihefe  real  molionii  if  the  bcucR 

'may  BM  Im  brought  down  to  Ihe  low  quantities  mentioned ;  and  f/^L^bT'"  *,' 
frocacdi  ta  fhew  that  thti  cJrcumllance  will  not  aSVa  the  ar-  iii,  chcir  pio- 
nratcntahe  hai  ufed  for  eAablilhtniE  the  method  be  hai  adopted;  ^  'W'5>«u 
fai.  aMBougn  lh«  great  proper  Dioltoni  of  Arfturus,  Procyon,  nwit  tTldcnc. 

and  Siriiu.  are  fliong  indic^ilions  of  their  being  atfeCtcd  by  

|Mnilax,    il  U  not   probable  that   the  apparent  changes  of  ^H 

Ihdr  fituatloni  diould  be  entirely  owing  to  folar  niotion ;  but  ^H 

Uot  tbdc  own  real  motions   would  have   a  great  lliare  in  ^^M 

Anni  and  it  i*  evident  titat  in  parallaflic  moiioni  the  dillanoe 

flf  a  flat  from  the  fun  ii  of  maleilal  coofequence  i  and  as  ihii 

Cannot  be  alTnmeil  at  pWiditK,  we  ate  not  at  liberty  to  make 

the  paralUdic  motion  ip,  Fig.  1 ,  equal  to  the  line  j  m ;  hence 

il  foUowi  that  ifie  teul  niotinn  of  Ihe  Aar  cannot  be  from  m  to  a, 

bat  wiU  be  from  p  to  u.     If,  however,  m  a  be  a  minipium,  p  a 

wbea  t/i  il  given,  will  alio  bea  minimum,  and  if  all  themo'a  ^_ 

Ml  Fig,  i  be  minima,  the  ip't  will  give  Ihe  p  a'l  as  fmall  a>  ^H 

(offiblc  I  whlih  U  the  point  defired  to  be  eftabUfbed.  ^| 

In  concluding  Or,  H.  obfcrvei,  that  as  it  is  known  ibatCoiK 
piepet  Buitiont  do  exlft,  and  as  no  folar  motion  can  tefolve, 
(ben  tniitely  inio  paraUaflic  one^,  we  oaght  to  prefer  thai  di- 
IVdun  of  the  motion  of  the  fun  which  will  take  away  moll 
Ral  Motinn,  Bn>I  ihit,  at  bat  been  Qiewn,  will  be  done  when 

•  )ba  right  afcenfion  of  the  Apex  U  8*j'  $2'  SO ',  apd  ill  noitt 
diSann  ¥J»  S2'. 

FS  Aw 
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3CV. 

Jf(m;  Esptrmenti  m^tkt  Solution  ^  Sulphmr  mAkohol,  mi  ifk 

Id^^^llSd^  In  my  firft  ivote  mi  ihe  Mutton  of  fUphat  m  ale^hd.  I  «i- 

l»lve  more  fiil«  nouaced  an  iiUeintiOii  of  examining  the  folrent  power  oftbe 

r^thanal.     /^vecaletberf  u{)iOB  this  cooibufliMe;  whidi  I  had  at  thak 

time  been  j^eveqied  Ivonv  by  beiagr^ligcid  ta  leatre  Pari« 

for  BruiTells  to  lake  the  office  of  apothecary  to  the  military 

bo^ital.    la  the  paper  alluded  to,  I  hinted  that  it  was  probr 

able  ethcr»  would  diflalve  falphur  in  greater  quantity  thanP 

^cohol ;  1  had  been  led  into  tliis  opinion  By  the  reftiils  ob* 

Gained  firom  nuMng  llih  mineral  with  alcaho!,.  at  varioQf  de- 

^ees.    I  obferved,  a«  already  fialcd.  that  Che  more  alcohol 

wa<  reflified,  the  more  leadily^it  diflUyed  Ailphur ;  and  OMt 

vtrjk,  which  dtfTeieiice  I  imagined  to  proceed  from  *thc 

greater  quantmn  of  hydrogen  contained  in  highly  4«dified 

alcohol.    Knowing  ethers  to  contain  left  carbon  and  mora. 

hydrogen  than  alcohol^  I  had  no  doubt  that  they  would  dif* 

iblve  a  greater  quantity  of  fulphur.    The  rehlt  of  the-fe* 

veral  experhneats^  which  I  made  under  tht«  impreflion.  I 

am  now  about  tOi  detail :  feom  which  it  will  be  poNseived 

that  I  waanol  miflakea  ia  my  conjeAure.    I  ihall  aHb  fub^ 

join  the  new  enperkm^nts  which  I  made  with  alcoh<4,  to 

aiceciain'ihe  pvecife  quanity  of  Ailphur  it  is  capable  of  diP 

fidTjni^  in  ordier  to  com^re  the  refults  with  thofe  obtained. 

iivfn  others^ 

PiepiratSoni  ftc     7|,p  eChets  I  employed  were  prepared  witli  much  exaS*^ 

nefs,  and  acco^in|f  to  the  methods  recommended  by  pro- 

feflbr  FnurcrOy.'    Itook  care,  in  each  experiment,  to  afcer* 

tain  the  fpecific  gravity  of  the  ether  made  u(e  of,  the  quan^ 

tity  of  fulphur  difletved  by  it,  the  various  refults  obtained 

with  or  without  the  cental  of  the  fiin's  rays,  and  ihe  pro* 

'  '         *  forties  of  (ttlphdrated  ether. 

...         •       • 

Firjk  amdficmi  EjtptrimaUt, 

Sutphnrlc  edier    .  In  each.of  two  iixuMince  matrafles  I  put  two  drachms  of 

wi£li'l2^f ***"  theftowon  of  fulphur,  prepared  in  the  Cime  manner  as  fqr 

tMk  up  nearly  .  .  -**Varr  Mdnt>Jotirn.'de  Chhme^  Vol.  VL 

t}i4 
• ... 


Ac  experiments  mentioned  in  mj  firfi  note,  viz.  niceljf  <me-cliirttenth 
ua./*eJ,  and  one  ounce  of  redificd  £ilphuric  elber,  whofe  JJ^j^^.J^'l'^^JJj 
Weight  '.V  L..  0.7  SDSm     Having  (beared  tbc  mouths  of  the  mat.  only  oiie.ieireA. 
irailc:-  1*  i  li  luting,  I  put  one  in  a  very  light  place,  and  the  ^^  '"^  ** 
v.ihcr  in  a  dark  place.     I  fhook  -them  every  dayi  and  at  the 
tnd  of  a  r.unlh,  filtered  their  contents.     On  examination  the 
^\vo  fulpnu rated  clhers  obtained  by  thefe  bpcratioas,  presented 
the  ^fallowing  d'.aradleriflicA? 

The  colour  of  the  etJier  cxpofed  ^>  ohc  liglit  was  fcaroely 
changed;  it  had  a  powerful  hydro- fuli'hurou s  fmeli,  and  iu 
iaAe  was  dtfagreeaUe*  and  likewri'e  hydro«fulphuroui» 
Mixed  with  diflilled  water,  it  |>reeipiltled  nothing ;  but  I 
xcmarked  that  the  water  diflblred  a  much  lefs  quantity  of  it 
than  when  pure.  In  proportion  as  the  ether  became  volatt* 
lifed,  the  /alphar  formed  a  whitifti  fcum  on  the  furface  of  the 
liquid,  which  ml  length  was  predpiteted  to  the  bottom  of  the 
glafs  in  which  the  experiment  was  made.  ^I  flialt  hereafter 
mentfon  the  quantity  -of  this  precipitate.)  Put  tn  conta^l 
irith  white  metmls,  it  deeply  blackened  them.  (Care  mud 
be  taken  in  this  latter  experinieiitto  clofe  exadly  the  moutb 
of  the  veflclin  which  the  metals  are  placed  ki  conta6l  witk 
fufphuric  ether,  on  account  of  the  great  tendency  of  ethcf 
(b  be  converted  bio  gas  by  its  attra^on  of  cidoric  from  (ur- 
founding  bodies.)  When  mixed  with  e  folution  of  acetitei 
of  lead,  it  gave  a  pretty  confiderable  black  precipitate. 

The  falpharated  ether  prepared  without  light,  pofleffcrd 
all  the  properties  of  the  other,  but  in  a  lefs  degree.  It  alfo 
wa;  lefs  impregnated  with  fulphnr :  for,  on  a  repetition  of 
the  experiment,  and  carcfuHy  weighing  the  produAs,  I 
fixmd  that  each  ounce  of  the  ether  preparird  in  the  light  coq* 
caincd  S&  grains  offulphur;  w  hi  Iff  that  prepared  if)  the  da^k 
held  onlv  29, 

Having  proceeded  as  above  diiferibed,  with  nitric  other  Nitric  ether  If 
weighing  0.90S8,  I  obtained  an  ether  whofe  colour  was  i a ^^^^JJJ,^^ 
no  degree  changed ;  its  fmell  and  tafte,  though  hydro-ful-  nearly  mm 
phurous,  were  not  fo  powVrfbl  as  thofe  of  fulphurated  ful-  JJ^S"^^^ 
phuriceiher;  mixed  withdiAiUed  water,  it  prcfented  IhejaUieUfhti  tnd 
iamc  phenomena,  but  depofited  a  lefs  quantity  of  futphur.  ^^^^''jj* 
it  difcolottred  wh^  mctali  left  fiarcibiy  than  the  preceding  i„^ 
I  ether; 


•  OlOTIOH  9P  SVLPB-.'R  IK  AlCObOl 

ether  ;  and,  in  a  word.  It  Iiad  all  the  qualities  offuIpliurM 
fulpbuiic  clher,  but  in  a  lowei   degree.     It  Hkewifc  con- 
tained s  lefs  (|uantitjr  of  fulphuri  the  rcfult  nf  the  cxpcri. 
inenl  made  in  the  light  being  but  22  grains  of  precipi 
ftlphurj  iuidaofur  thalcondudedin  darluiefs. 


« 


Fifth  andfiilh  Eitptrbnenti. 
MuiUu(«iher  With  muriatic  ether,  weiging  0,7196,  proceeding  m  rfj 
iMrti'-fcKRcli  '"''y  Jclcribed,  and  at  the  fame  proprtiont,  I  obtained  a. 
inthcJi(b(iiniirulpiiuralt:d  muriatic  ether,  pofTefling  all  the  peculianlin 
3il?j'!n°tlre^'^*  '•^^^  mentioned,  but  weaker.  It  contained  only  13  grahii 
>Urk.  of  fulpliur,  whcnconHuflcd  in  the  light,  and  fj  grains  whe« 

mftiiagcd  in  tltc  ilark. 

Snenlk  and  eighth  Eip<rime»U. 

Acetic  rthtf  Acetic  ether  weighing  0.8(jd4,  diifolved  but  a  very  fiB^ 

Enk  "ulXul     P""'*'"  "'  Tulphur.  and  \U  qualilios  w^icbul  nightly  msrkenL 

Jt  conlaincd  but  three  grains  otfulplmr  in  an  outit  c of  ethei^ 

in  the  experiment  made  in  the  light,  and  about  I  \  graim  in 

that  made  in  the  darlc. 

Ninth  Eiperiment, 

loiut'isn  of  Tul*       Having  made  the  foregoing  experiment',    I  wiOred  te 

•u'lrii  charged  *f«'''»'n  ^^  dilTtrCTice  exifttng  between  the  federal  ethen 

tli«niliMf>f  (ui.  and  alcohol,  in  rcfpecl  to  their  capacity  for  difrolvingfulphur: 

rhuik  nlict.      J  ,|,f jffore  (ctraccd  the  experiments  I  had  formerly  made 

with  alcohol.     To  avoid  (lie  repetition  of  what  has  been  &!• 

ready  communicated  in  my  lirft  efTay,  I  Ihall  here  meiely 

fiate  the  quantity  of  fulphui  I  have  been  able  to  dilfolire,  «h 

thcr  by  fubmitting  the  mixture  to  a  heat  lefi  than  fuftcicDt  to 

caufe  the  alcohol  to  boil,  or  by  txpofing  it  lo  the-  light,  or  by 

placing  it  in  a  dark  place.     For  thcfc  experimenti  I  ufed  sl- 

coliol  of  43  degreei. 

After  digcfling  for  12  hours  over  a  gentle  lire  an  cunc«of 
alcohol  wilh  two  drachmj  of  the  flowers  of  fulphur,  I  otk- 
tatiicd  US  grains  of  precipitate. 

TtMtli  aid  deveatk  Etptrivtrnu. 
On  leaving  fiiiiilar  mixture*,  oneexpofed  to  tli«  ray*  of 
the  fun,  and  the  other  ui  a  place  impeiviou*  to  ilie  lightj 
during  1  iBonlli,  and  proceeding  as  already  dtfcribed.  I  ob^ 
taJn«A 


soivTtair  or  iVLVHOft  m  Atcorao*^  y\ 

tftined  16  grains  from  the  firfi  mixtore,  and  1%.  from  the  fe- 
cond. 

After  what  has  here  been  laid  down,  it  is  evident  that  ful-  RecapitalitiiMi. 
phuric  ether  diflolved  the  greateft  quantity  of  fulphur ;  for, 
after  fi^ucntly  repeating  the  experiment,  I  (bund  the  are* 
rage  to  be  25  grains  in  an  ounce.  Nitric  ether  and  alcohol 
at  43  degrees,  diflblved  nearly  in.  the  fame  proportions ;  and 
acetic  ether  the  leaft  of  any. 

It  has  been  long  a  defideratum  in  medicine  to  dilcover  a  Svlphmttd 
jnelhod  of  adminiftering  fulphur  in  a  fiate  of  eaUreme  divi-  •^J*  *  P^ 
fion,  elpocially  in  complaints  of  the  lungs  and  diicafes  of  the 
Ikin.    With  this  in4ent,  phyficians  have  recommended  it  to  '^ 

be  diflblved  in  eflential  «ils,  and  to  form  what  is  known  in 
pharmacy  under  the  title  of  btdfimi  tffilpkurt  iarebuUhimaed, 
4iM^faiti,  ifc.  Thefe  medicaments  have  the  diiadvaniagc  of 
givii^  to  the  mixtures  into  which  they  enter  an  almoft  in- 
iiipportable  tafle  and  finell  of  fulphurated  hydrogen.  Sul- 
pbdmted  ether  is  free  from  this  inconvenience  ;  it  may  be  ■ 
«afily  auxed  with  other  potions*  to  which  it  gives  very  little 
fmell ;  and  as  the  feparalion  of  the  fulphur  is  only  occa* 
ftoned  by  the  evaporation  of  the  ether,  il  may  be  eafily  pro- 
vented  by  keeping  the  mixture  to  which  it  is  added  dofely 
corked.  I  have  already  adopted. its  u£b  with  fa^cef^  ad- 
sniniftered  either  upon  fugar,  or  with  any  appropriate  ve- 
hicle: feveral  phyficians  of  my  acquaintance,  for  whom  I 
have  prepared  it,  have  likewife  employed  it  with  advan- 
tage t  and  I  hopo»  ere  long*  to  be  able  to  Batter  myfelf 
as  having  added  an  efficacious  medicament  to  the. art  of 
bealing. 

The  fulphurated  ether  may  be  alfo  fuocef»fulIy  employed  It  may  be  offi 

40  deteA  the  adulteration  of  wine  with  preparations  of  lead : ."  *  \^^  ^^  ^*^ 

in  wiQc 

in  addition  to  Uie  fiidlity  with  which  this  ether  precipitates 
the  lead,  in  the  form  of  a  bbck  fulphur,  it  poflefles  the  ad* 
vantage  of  introducing  nothing  into  the  wine  that  can  d^ 
ceive  as  to  its  quality,  which  fom^times  happens  even  to 
thofe  who  are  accuilomed  to  ufe  the  folution  of  fulphur  of 
potafli. 

I  am  now  ooeopied  kk  the- cryflaliixation  of  fulphur  dif- 
iblved  in  ether^  the  refuit  of  which  I  Ihall  lofe  no  lime  in 
Ji^yiag  before  tbe  pohlic* 

i.  '  On 


.  .1  *  .  .  •  • 
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On  the  Utiliiy  of  fcicntijk  periodical  PMicaiions.  In  a  Letter 
from  Mr,  Kic  h a  r o  Winter.  To  which  are  added^  Jome 
Experiments  qf  Heat  prdduced  by  a  Biaft  V  ^^  f'V*^  ^^^ 

To  Mr.  NICHOLSON. 
Dear  Sir^ 

I'erlofifat  '  -  X  HE  advanlttgct- derived  from  fcientific  periodie  p«blic*> 
works  are  of  tioiM»  are  an  acquifitioD  which  former  phiiofopktrf  fttre  ndt 
cioa.  *  poflefled  of;  and  U  was  rw>t  until  ihe  iaft  century  they  -frens 

•iirft  inHUuted,    The  rapid  prof>ref«  of  (cience  and  infornnation 
.fince  that  period^  would  be  a  fuflkicnt  arguaient  in  favour  of 
their  decided  ntiJitj,  without  any  reference  to  fyftenatic  tre»- 
tifea  pttblifliedt  of  undoubted  oierit,  and  lanAiooed  by  nni- 
-irerfal  approbation* 
AdYantifcf  <le*  •    To  th»  adi^  and  ingemous  mind  in  early •  lifo  this  mode  of 
fived  from  fci-  -{nfefiQation  is  invaluabtei    Betides  Aimiftiing^ueW'  ideas  to 
*^  llie  young  ftudent.  they  point  t>ot  the  precife  fhte  of  the  di^ 

'fcrent  brancbet  -of  human  knowledge;  they  teach'  him  the 
neceflfary  cadtion  for  conducting  experiments  wiib  vigour  and 
-accuracy,  inHead  of  drawing  conclufions  from  a  few  infalated 
analyfoji,  or  imagining  that  bis  data  are  rufikient^y  perfbd  for 
citoblifiiing  new  fyftems.  By  reading  thefe  publicMiOtas  it  is 
that  hewitl  enlarge  his  general  conceptions,  and  ^  ill  learn 
-to'-emulate  tbeTariotfs  illuilHoUs  characters  of  all  the  ertHghf* 
ened  countries  of  the  world.  In  thefe  tteatifes  his, yieWs- wilt 
not  be  confined  to  one  objedt,  but  he  will  contemplate  a  feenie 
continually  varying.  The  phyfiology  and  phenomena  of  the 
animal  and  vegetable  kingdoms ;  the  actions  and  re-adtons  Of 
the  different  elemenlary  fobttances  in  nature,  and  their  com- 
binations with  each  other,  will  pafs  in  fucceflion  under  his 
obfervalion. 

The  great  phyfical  laws  which  cooftitute  and  mainlain  the 
equilibrium  of  the  world,  are  tnferted  in  refpedable  works  of 
this  nature  as  they  are  difcovered  and  demonHrated,  while 
the  errors  of  formte  phifofophers  are  deteded  and  expofed ; 
<by  which  means  he  has  an  opportunity  of  afceriaining  the  va- 
lue and  correCtnefs  of  tbofe  works  he  may  t)e  already  in  pot 

feOion  of. 
i  To 


HIAY  •«  Jk  MhAtt  MUMI  BXt&OfVt*'  ^J^ 

To  ihofe  who  cmfob  ta  fiBcydoficdia  for  fcioodfic  ittaiirv 
tbeie  publications  are  ^  indlfpoobblc  utility »  by  continiialif 
pointing  out  the  numeroas  improvoments  at  tbey  bocomo  pob« 
lie,  and  by  that  meant  the  general  fyfiom-of  philoTophical 
knowledge  it  kept  to  the  level  of  the  exifiing  flate  of  dif- 
covery. 

To  the  mechanic  a  tepofitocy  of  this  kind  mud  be  highly 
ufeiulf  as  the  receptacle  in  which  he  ntaj  recon)  his  labours 
^ad  improvameotfli.  aod  fiecoro  to  him&lf  the  well-earned  baoo 
of  hit  difcov^ries^  at  the  fame  time  that  be  derives  advantage 
from  others  following  his  esapiple  in  Ihdir  iopntribationt  to  the 
general  fuod  of  fcienoe. 

In  fliort.  there  is  no  clafs  of  individnals  but  m^^y  pmfit 
firom  this  method^  of  eaiending  ufefal  knowicdge.  The  fnall 
(am  of  (aven^peoce  or  jeigbl-pence  a  wpek  to  any  economical 
peifbo  is  trifling,  and  thero  is  no  doubt  but  every  enquirer 
will  find  (bmething  of  which  he  may  abridge  kimlelf».  in  order 
to.bojpomo  poflTeifed  of  fuch  .an  aflbmbhige  ot  fads  and  opinions* 
He  is  as  it  were  making  himCelf  intimate  with  a  clafs  of  men 
whofe  nam«:i  will  be  read  with  admiration  by  a  grate(iil  potie- 
atty*  it  is  only  by  faauiiarixing  ihm  .mind  wilh^  Ike  fiifalimc 
objefis  of  fcience>  and  diffufing  them  over  the  face  of  the 
earth,,  that  we  can  expe&-to  eAaUiih  that  fpirit  of  phtlan« 
thropy  and  focial  order,  which  is  fo  ntceilary  to  the  happinefs 
of  the  human  race. ' 

I  wilMeave  it  to  your  judgment  to  abridge,  or  cancel  the 
whole  of  this  paper,  as  it  would  perhaps  exclude  moro  va* 
luable  fubjedt. 

lam.  Sir, 

With  the  greatefi  refpe6t, 

You^  very  humble  fervant, 

KICHARD  WINTER. 
81,  Bo{/bvcr  Sireel, 

Dec.U,  1805. 

The  folk>wing  experiments  were  made  in  order  to  afcertain  The  theraiofii«< 
whether  a  current  of  air  projeded  upon  a  thermometer  would  ^l^i^^^L? 
increafe  or  diminifli  the  temperature.    I  made  ufe  of  a  pair  lowi. 
of  common  bellows,  the  contents  of  which,  when  opened, 
were  9i  cubic  inches ;  the  diameter  of  the  and  of  the  pipe 

wat 


74  '^'^^  rNtKRStCTlVG    KAfKBOWt* 

«« i^tbt  of  an  inch.  The  thermometer  wm  adapted  to  Fah* 
renheit't  fcale,  and  the  refiilts  of  three  experimenU  are  eshU 
hited  io  the  following  table : 

tiaeof 

6  fpinotes. 
3 


Kambtrof 
Bkfta. 

tip.  1.       -         425 
2.       -         2'2g  . 


3.      .         217 


Them* 


4<^ 

3.75 

3.7 


The  current  of  air  was  direAed  agamft  the  bnlb  of  the 
thermometer.  The  diftance  of  the  pipe  out  of  which  the  air 
liTued;  was  half  an  inch  from  the  bolb.  The  experimentf 
were  repeated  with  every  caution  poffihle  for  twelve  timei« 
and  always  with  the  fame  refults,    ' 

Mr.  Dalton  obferved  (Philof.  Journal,  III.  160),  that  the 
thermometer  fell  on  exhaofiing  the  vefTel  in  which  it'  was 
placed,  and  rofe  aga*n  on  re»mdmitting  the  air.  It  is  probable 
that  the  rifing  of  the  thermometer  in  my  experiments  may  be 
referred  to  the  fame  canfe,  viz.  the  greater  capacity  of  a  va« 
cuum  for  caloric  than  atroofpheric  air. 


xvn. 

Jn  Account  qf  two  interftSing  Rainbows,  Jhen  at  Dui^Jk^ 
in  Eafi  Lothian  in  July  Utfi,  was  communicated  by  Prqfej/br 
Playfair  *. 

Urge  rainbow  /xT  Dunglafs,  where  I  happened  to  be  in  the  beginnin|^ 
■fbcrrthcfuu  of  July  lad,  1799,  our  attention  was  called  one  evening,  a 
little  before  fanfet,  to  a  very  large  and  beautiful  rainbow^ 
formed  on  a  clood  which  ht^ng  over  the  fca,  and  from  which  a 
iliowcr  waa  falling  at  a  confiderable  difiance  to  the  S.  E«  The 
fun  was  about  2^  high,  (o  thsLt  the  arch  was  not  much  lefs  than 
kwher  inter*  ^  femicircle,  with  its  highefl  point  elevated  about  40®«  At 
fcdiiis  ^^»  the  point  where  the  northern  extremity  of  this  arch  touched  fhe 
horizon,  another  arch  Teemed  alfo  to  fjl^ring  from  the  fea,  dim. 
verging  from  the  former  at  an  angle  of  5^  or  4^,  on  the  fide 
Voward  the  fun. 

•  £dio.  Tranf.  1805.    Hiftary,  p.  8, 

This 


Tver  Che  fea* 


TWO  iftTEitsxetiva  ftAiUBoWs.  V5 

TBN  »rch  did  IKJI  cxccecf  7*  or  8*  in  lemlh ;  it  wti  of  fte'lt  wat^i  iLo;t 
bme  breadth  with  ihc  prindptl  bow ;  it  hid  the  coloofft  in  the ''^^^^ 
liHDe  order,  and  nearly  of  the  fane  brightneTs;  or  if  aiiy  diflfer- 
cnce  wai  difcttnible,  it  wat,  that  the  tranfitioo  from  one  co- 
kmr  to  another  was  not  made  with  (b  moch  delicacy  in  the  laft- 
mentioned  rainbow  at  in  the  fbfftner* 

We  racoBeaed  that  a  phenomenon  fiaflar  to  Ihit  if  defcri*  'j^^TV^ 
bed  in  die  PkUoJbphkat  Tram/haiom,  at  hating  been  feeo  nt^^^^^^^ 
8pithead»  and  that  it  it  afcribed  by  the  gentleman  who  obfared  the  fttA*tsiy» 

fit  to  the  refledioi^  of  the  fon*t  rayt  from  the  farftce  of  the  fan* 
(bat  to  Ml  on  the  doud  where  the  nunbowwat  formed.  Tbit 
hypolbeiit  feemed  to  agree  exadly  with  the  phenomenon  now 
Oetofo  at* 

Tbe  aaJdental  rainbew,  for  fo  it  inay  be  cdled,  wat  ieen  fr^mihtlaMitdi 
only  at  the  esirimity  where  the  principal  arch  rofe  from  the-^^^* 
ft*,  aM  where  of  confeqoence,  the  fofi't  rayt,  refleAed  from 
the  ferfiice  of  tbe  water,  at  that  moment  very  (moolh,  might 
fcU  on  the  dropt  of  rain.  Hie  other  partt  of  the  dood  oooM 
not  receive  rayt  fo  reileAed,  nt  the  land  intervened,  and 
there,  accordingly,  no  veftige  of  the  accidental  rainbow  wat 
oMerved* 

'  The  accidental  rainbow  layt  it  wat  already  (aid»  on  the  Its  cttnttr  «nt 
fide  toward  the  fon.  and  thit  it  agreeaWe  to  the  hypothcfit ;  ^^**^ 
for  the  rayt  that  afier  rMedion  from  the  fur  face  of  the  water 
]fldl  on  the  dropt  of  rain,  maft  have  come  at  from  a  point 
at  much  depreflfed  below  the  horizon,  as  the  fun  wat  at  that 
inftant  elevated  above  it.  The  axis  of  the  accidental  rain- 
bow mud  therefore  have  made  with  the  axis  of  the  prin* 
tipal,  an  angle  equal  to  twice  the  fun't  elevation,  and  ift 
c^er  mpft  h^ve  been  elevated  by  that  bme  quantity  above 
the  centre  of  the  other,  fo  4hat  if  it  had  been  oomplele,  it 
wooM  have  been  whoUy  between  the  principal  rainbow  and 
the  fun. 

The  only  dnimflance  in  which  the  appearances  did  not  per-  hot  the  ioterlec- 
feaiy  correfpond  with  this  hypothe(j%  w^s.  that  the  two  rain-  ^^1^^^^ 
bowt  did  not  interfed  one  another  an  the  lH>rizon»  but  rather  a  the 
little  above  it.    This  however,  ought  to  have  no  great  weight, 
at  the  refle^ed  image  of  the  fun  cannot  h^xve,  prefented  to  the 
doud  a  diik  fo  regular  and  well  defined  as  ihe  fun  itfelf  and 

the 


^  THCO   IHTISSBCTINa  AAtMOWA. 

IIm  acc'^iental  rainbow  «iuS  h»vQ  fomewhat  ptrticipatdl  of 
tins  indifiinAneft  *• 
rhc  bdinitkm      When  phenomena  of  this  kind  occur,  it  woald  afford  a  fort 

iJl'lST  *"*  ^^"*  ^^  ^^^'"8  ^®  juttn^fs  of  the  explanation^  if  the  i- 
clination  of  the  two  bowt  w^e  obferyed«  aod  alfo  the  fifn'a 
altitude  at  the  fame  time,  "thefe  two  things  are  neceBarily 
conne^ed ;  for  .if  w^  call* I  the  angle  qf  thoir  interfe^ion,-  £ 
t]ie  ele\'ation  of  the  fuOj  and  S  tJbe  angle  fubtehded.  ai  the  cja 
by  the  femidiafD^tcr  of  the  rainbow^  if  complete^  an  anglo 
which  is  conftaotly  the  famej  aad  nearly  cc^ual  to  42^,  it  is 

eaiy  to  infer  froA  (phericallrigonomctrr.  that  (in  f  I  =5  -^ — ^* 

■  ■        ■ 

indwaialitde      Computing  from  this  formula,  the  inclination  of  the  two 
norasbaa  the    bows  in  the  prefeqt  ioftance  comes  out -nearly  S? ;  (bm^what 
greater  than  I  was  inclined  to  eAioiate  it  by  the  eye 

Phenomena  of  this  kind  can  but  rarely  occur,  as  the  neceC> 
&ry  coiiditioon  wilt  not  often  come  together.  The. principal 
rainbow  mull  be  over  the  fea ;  the  fea  itfelf  muft  extend  forae-« 
what  on  the  fide  toward  tjie  fun;  it  muH  be  fmooth  aod 
tranquif.  and  the  fun  fo  low  that  the  light  refiedcdfrom  tlM^ 
water  may  be  confideral)Ie»  Were  it  ever  to  happen  thai  (he 
accidental  bow  was  completely  formed;  the  etTgd  could  not 
iail  to  be  very  flriking. 

*  As  the  place  of  interfe£Uon  will  lie  in  a  plane  paQing  throogli 
the  c>e  of  the  obfenrer  and  parallel  to  the  plane  of  reflection  ;  doea, 
not  this  faA  afford  ground  for  a  fufpicion  that  the  Rfledion»  at  thie: 
fow  altitude^  was  made,  not  from  the  furface  of  the  fea^  but  from 
chat  of  the  ftratum  of  vapour  which  occafions  looming,  and  has 
been  fowell  treated  of  by  Dr.  Wollallon  and  otherav  (fee  our  Jour- 
nal, Yi.  46,  and  elfewhere),  and  that  this  ftratum  was  higher 
liuther  out  at  fea  than  near  the  coaft  ^^N. 


K4Hkc 
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•     XVIII. 

N^iice  of  a  CoUiSUono/-  Memoirs,  which  have  lately  appeared  0 
Psris,  being  Fart  qf  a  Work  on  which  the  celebraud  Lavo^fii^ 
toas  €mployei  tilt  the  lamented  Clofi  qf  his  Ljfe;  with  a 
Tran/lation  of  that  Memoir,  in  which  he  chinu  .tjie  modern 
Theory  qf  Chemifiry  om  hit  own  exdufioe  Dijtovery.  Received 
ffom  Mr.  W.  A.  CadcU^  at  Pcrw. 

To  Mr.  NICHOLSON, 
SIR,  Puns,  Oa.  27,  1805, 

1  HAVE  (ranflated  the  twolbllowtng  paflsges  (pages  4  and  5)  See  lottoduft^rf 

from  a  work  which  has  lately  appeared  in  two  volomes  odavo>  ^'' 

entitled  Memoires  de  Chimie*    They  will  prove  intereflif^  to 

the  readers  of  your  JodrnaU    The  firft  is  the  notice  prefixed 

to  the  work  by  Madame  Lavoifier,  (now  counted  &f  Rum  ford} 

k  is  written  with  the  eloquence  of  real  feeling>  and  -I  refer  tto 

it  for  an  account  of  the  nature  of  the  work ;  the  iecbnd  proves 

completely  thsct  the  new  theory  of  chteidr^  is  due  to  Af.  La* 

vofier  alone.    I  alfo  fend  you  the  tkles  of  the  papers  of  which 

tke  work  isr«mpoM.'    lam,' 

Your  very  humble  fervant. 

W.  A.  CADELL- 

COKTENXS  or  THC  TWO  VOLUMES . 

Fakt.  I.— Genera/  Virtoton  Caloric,  its  EJMs ;  the  Marmr  of 
meafaring  it,  and  the  formation  of  Liquids  and  Fluids. 

I  ft  mem.  on  caloric,  by  Lavoifter.  Mem.  Ac.  des  Sci.^1777*  Contents  of  te 
.  2.  Oa  caloric,  and  theraeans  of  roeafuring  its  effeds.  ib.  1 7  80.  "J'S^'J^JJJfi'^. 
f^vois,  et  Laplace. 

5.  Supplement  to  the  preceding.  I/Kois.  and  Laplace. 

4.  On  fome  of  the  principal  phenomena  of  chemiftry,— - 
Seguin.  Soc.  Philom.  1790. 

5.  On  the  natural  zero.  Seguin.  Annal.  de  Chim.  1790. 

6.  On  the  effedts  of  heat  in  dilating  metals  and  glals,  &c« 
JjupUoe  and  Laooi/er* 

7.  On  lbe«paflkgc  of  ibiids  to  a  (late  of  liqaidity  hy  means 
of  heat.  iMtfoiJierm 

&•  Oo  the  aflioo  of  heal  on  liquids  from  their  ire<^ify  jpspat 
.Id  thai  of  their  vaporiasation*  Lavoifie^, 

V  On 
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maofilie      9- On  tlie  coml>i»alioii  of  ;n!al  wilh  Hiffereul  ci 
^'    Tubdanccs  atuJ  Ihe  TornidUon  of  fcveral  fluids,  laimfier. 
Ac.  Sci.  IT77. 

10.  On  Ihe  tWftneMj  iliat  U  •bfotbcd  b-  bodiw  Ihal  pat  to 
the  fl»le  of  vapour.  iMi-.-iJcr  a/xi  lupLee.  M.  A.  S.   1781. 

11.  On  (heaflion  of  Meat  on  foiue  ■«!»!  fluids  rioni  the 
freezing  to  the  boiling  ppini,  Guytnn  and  Duccnuns. 

\2.  On  fonK  fubiHncei  which  are  conllanlljF  in  ihe  CM*  of 
serial  fluid  at  Ifie  ordinary  leniperaluie  and  preirure  of  tlie 
atmorphcre.  Lsraifter. 

13.  Memoir  on  feme  Itqnids  which  can  be  cbfained  in  on 
aerial  form  at  a  degree  of  heal  a  liitle  above  ihe  mean  tempe- 
ra'ure  of  ihe  eaiih,  M.  A.  S.  1777. 

t  i.  General  view*  concerning  ihe  furraation  and  conilitti' 
lion  of  the  alinoriihere, 

1^.  On  t\ie  caufe  of  fome  of  (he  principal  phenonem  of 
meleorolojy. 

Part  If.  On  the  Decompo/Uion  qf  alnwjphtrie  Air,  iuAaalj//u 
and  ihe  Contrfion  qf  ill  PriMfipki  into  thejlilid  or  liquid 

Skctiok  1.  On  iht  Deenmpofiiion  itf  Mr  by  mrlo/ic  Sabjlancrs 
and  ihe  Farmntion  ff  Oxids. 

1.  Memoir  on  Ihe  aflion  of  mercory  upon  adnofpheric  air. 
Lavoijier.  In  pais,  in  M.  A,  S.  17*7,  p.  ISO. 

2.  On  lliQ  decanipofilion  of  ainiofpheric  air  by  the  oxid»- 
lion  of  lead  and  tin  performed  by  uicant  of  a  burning  glafs 
under  a  ghd  receiver.  Lavoifter.  Opufc.  Chlm.  chap.  6.  pub. 
in  1773. 

3.  On  the  oxiJatJon  of  tin  in  clofe  vefleb.  Sic.  iaroJ^. 
Read  in  177t. 

■V.  On  the  dccompofition  of  almofpheric  air  bj  iron.  lavois. 

5.  Hiftorical  details  on  ibe  csufc  of  Uie  augmentation  of 
weight  Ihat  meialt  actjiiire  when  heated  wilh  conlaA  of  air. 
Laxoifiir,    It  is  the  paper  uf  which  I  fend  ^ou  the  tranflxion, 

SiCITON  II.  on  the  DecompofuioH  of  Air  by  fimpU  iT^ammable 
Subjteneet  a:kich/orm  Acidi  iy  their  Combiifiioit. 
I.  Memoir  on  the  decompofition  of  airbj  pliofphorui,  aitd 
tbefbrmalionof phofphoricacid.    tatoijier.  Opufc.  Chim. 

2.  Slip- 
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^' «.  -Sapplemeiit  to  the  prtCedrng  paper.    Lavofier  M.  A.  S.  ^^''^.'f^^ 

1777.  ge4i»yL«voi(Mr« 

3.  Frovin[^  that  caloric  difengaged  from  vital  air  during 
combuftion  is  not  poflefled  of  weight  fufceptible  of  being  efli* 
mated. 

4.  Froceft  afaalTy  employed  for  obtaining  phofphoras^'phof- 
phoric  acid,  and  phofphoreoas  acid.    Sq^n. 

5.  Memoir  on  the  combaftion  of  phofphorus  employed  ss. 
an  enBiometer.    Segufn. 

9.  On  the  decompofition  of  aif  bj  fulphur,  the  formation 
^  fulphureons  and  fulphurrc  acid,  and  the  ufe  of  fulpburett 
in  eodiometrj.    Lavoifier. 

7*  On  the  procefs  employed  in  commerce  to  obtain  the  fol* 
phnreous  and  fulphuric  acids.    Sfgwin. 

S.  On  the  decompofition  of  air  by  charcoal  and  the  {brma« 
tion  of  earbonic  acid.  Lacoifier.  M.  A.  S.  1781. 

2.  On  the  formation  of  nitric  acid  by  the  immedtaie  com- 
bination of  azotic  gat  and  vital  air.     Seguin. 

10.  On  the  eudiom^er  compofed  of  nitrous  gat«    Seguuu  , 


SffCtiOM  III.  On  the  DecompofitOm  nf  Air  hy  thnfi  fimpU  n 
flammable  Subjtanccstuhich  do  not  form  Acids  by  their  CamkufiimL 

1.  Mem.  Account  of  the laft  esperiments  on  the  decompo- 
fition and  recompofition  of  water.  Ltivoificr  Journal  Polytip^ 
Februar}',  1786. 

2.  Shewing  that  water  is  not  a  fimplc  fubflance,  but  a  binary 
'combination  of'hydrogeh  and  oxigen.  f/ivoificr.  read  in  1785. 

S.  Shewing  by  the  decompofition  of  water  that  it  is  not  a 
'  fimple  fub(hince,  and  that  there  are  feveral  means  of  obtaining 
in  abundance,  the  hydrogen  gas,  which  is  one  of  its  elements. 
LavofterM.  A,  S.  1781. 

4.  Report  on  the  paper  of  Seguin,  which  treafs  of  the  com- 
buftion'of  hydrogen  gas  with  vital  air.     Lavoijifir^Lifilace,  ifc. 

5.  On  the  combuflion  of  hydrogen  gas  in  clofe  f  elTelf .  four* 
etoj/,  Vauquelin^'und  Seguin,  rezd  in  1790. 

Part  IV.    On  the  principal  Phenomena  qf  4he  Animal 

(Eoonomy, 

)•  Mem.  Eiq)€rithents  on  the  refpirattoH  of  amnmlii,  and  the 
chango  which  takes  place  in  air  in  the  Iongs«  M.  A«  8. 
1777.  p.  18^.' 


Intentton  of 
Lavoificr  to  re* 
pubfifli  hit 
Bcmoirfy 
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2.  Tfae  alterations  that  the  air  undergoes  during  refplratfoo. 
LavoiJUr,  read  in  1785. 

*S.  MecDoir^  report  on  a  paper  of  Seguin's  concenung  refptra* 
tion  and  animal  heat.    Aiaquer  and  Fourcro^. 

4.  On  refpiration  and  animal  heat.  Seguin, 

5.  On  the  refpiration  of  aannals.    S^uIm  aadLnqfier^  read 
in  1790. 

Notice  prefixed  to  the  Work  (by  (Mad.  LavoifierJ  amnt^s  qf 

Hwttfbrd, 

In  tlie  year  1792  M.  Lavoiier  had  formed  the  defigii  of 
making  a  collection  of  all  his  memoirs  which  had  been  read«t 
the  academy  during  the  twenty  years  preceding.  This  would 
have  formed  in  fomc  degree  the  hiAory  of  modern  chemiflry. 

In  order  to  render  this  hiftory  more  interefting^  and  more 
complete  he  had  propofed  to  infer!  the  memoir  s  of  thofe,  wh<^ 
having  adopted  his  theory^  had  publiflied  experiments  id  fup* 
port  of  it. 

This  colleAion  was  to  have  been  comprifed  in  about  eight 
volumes. 

All  Europe  is  acquainted  with  the  canfe  which  prevented 
their  completion. 
Fsits  iccovcicd*      '^^  portion  thai  have  been  recovered  are,  the  firfi -volume 
almoft  entire,  the  whole  of  the  fecond,  and  fome  (heeu  of  the 
'iburth. 

Several  men  of  fcience  exprelTed  a  defire  for  their  publica- 
tion: this  was  received  with  hefitatxon — it  is  difficult  not  to  be 
under  apprebeniions  when  we  are  intruded  with  the  power  of 
j>ttbli(hing  the  unfiniihed  work  of  a  man  julily  celebrated* 
When  we  have  loft  the  obje6l  of  our  afie6)ions  and  veneration, 
we  (hould  employ  an  impariial  criticifm,  in  order  to  offer  4o 
the  public  thofe  of  his  works  only  which  may  augment  bii 


Id  eight 
ViAuma* 


fame. 


i 


LoToiiier     Wc  fliould  have  perfifted,  and  thefe  fragments  would  nol 
hM|riiiii4chqn.  hj^y^  appeared,  had  they  not  contained  a  memoir  of  {d- 

Lavoifier  (inferled  below  page  5)  in  which  he  reclaims  the 
modem  .theory  of  cltemiflry  as  belonging  to  himfelC  andiflptes 
the  fads  in  fupport  of  his  claim. 

It  is  Gonfequently  a  duty  towards  him  to  fix  the  #pinion  of 
men  jsf  fcience  oonoerning  this  point.  i 

JUroifierwuciQ.     ITheir  indulgence  is  requefled  for  the  errors  th^  may  tn9 
ployed  oa  thit     ,^  j^^^  Other  parti  of  the  coUe£lion«    It  w  ill  be  granted  whr 

5  the 


tlM^mra  faiforiued  Chat  the  greateft  port  of  the  proof  fceetf  work  in  the  i^ 

WM^tevifod  in  thelaftdays  of  the  aothor^t  life;  and  thtt"^^"° 

wbilft  be  knew  that  hii  aflkffins  were  premeditating  his  death, 

M,  Lavofiofi  caim  and  intMpid,  employed  his  laft  moments  in 

a  work  which  he  confidered  as  ufeAil  to  fcience,  iuid  gave  a 

great  eiample  of  that  ferenity  which  a  virtaous  and  enlighten* 

ed  miMi  ^ftn  preferve  in  the  roldft  of  the  moft  fevere  calamities. 

Part  II.—Sict^  I.    Fifth  Memoir,  (Tom.  II.  p.  78.) 

Hijtmcal  Detaih  tmuxmif^  the  Augmentation  qf  Weight  vtkkh 

ilte  Metals  acquire  Vihen  heated  zath  Contad  of  Air.     (By 

Lavoifier.) 
'  IT  is  not  my  objeA  in  this  paper  to  give  a  compleat  hiftory  ^«^\  ^  Alt 
of  the  dtiTereAt  opinions  that  have,  been  fucceffively  adopted  ,^,^ 
bj  the  chemifts  and  natural  philofophers  on  the  caufe  of  the 
augmentation  of  weight  in  metals  expofed  to  the  a6lion  of 
heat ;  fuch  a  hifiory  would  only  ferve  to  (hew  how  much  the 
minds  of  men  are  fufceptible  of  being  led  aftray  when  they 
give  themfelves  up  to  the  fpirit  of  theory >  and  how  eafily  we 
are  deceived  by  reafonlng,  if  it  is  not  perpetually  redified  by 
experiment.    John  Rey^  a  phyfician  (medecin)  little  known  John  Rey  an 
is  one  of  the  firft  authors  who  has  written  on  this  fubjed ;  he^J^^J^  **" 
lived  in  the  beginning  of  the  17th  century  at  Bugue  in  Peri* 
gord,  and  kept  a  correfpondenoe  with  the  fmall  number  of 
perfons  Who  cultivated  the  fciences  at  that  time. 

Neither  Defcartes  nor  Pafcal  had  yet  appeared ;  the  va«  Hit  philofjphy 
cuum  of  Boyle,  and  that  of  Toricelll,  the  caufe  of  the  afcenl/y  «*"'^«*^  ^^^ 
of  liquids  in. tubes  void  of  airt  were  unknown;  experimental  nriei. 
philofophy  did  not  exifl ;  a  profound  darknefs  reigned  in  che- 
mifiry.     Neverthelefs,  J.  Rey,  in  a  work  publiftied  in  1630, 
with  a  view  of  determining  the  cjaiufe  of  the  augmentalioa  of 
weight  which  takes  place  in  lead  and  tin  during  their  oxidation, 
difptayed  views  fo  profound,  fo  analogous  to  the  iacts  which 
have  been  fince  confirmed  by  experiment,  fo  conformable  to 
the  dodrines  of  faturation  and  affinity,  that  for  a  long  time  I 
could  not  help  fufpeding  that  the  efl'ays  of  J.  Rey  had  been 
compofcd  at  a  much  later  period  than  that  announced  on  the 
title  page  of  the  book. 

J.  Rey,  after  having  refuted  fuccefsfdlly,  not  bj  fads  (for  Hecontendith«» 
at  that  time  tiie  art  of  making  experiments  was  in  its  infancy)  "^t^<  ^'"^    ^ 

•_  *  •  ■  >  f     *       ?L      «^_  J.'      -         ■ .  .     .     ^«»aht  from  tht 

bttt  by  coMshifive  reafoniog,  the  dTffbfent  canfes  to  which  the  tir  in  oxiw*  loa. 
*V^jl.XUL-«^Jaiivaiiv«  1806.  6  aug* 
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•ttgmenlation  of  weight  of  metallic  oxides  might  be  sdriboled*, 
exprefles  himfelF  as  follows  in  his  16tb  e(Iay :  <«  to  (his  qnet^ 
tion  then,  Supported  on  the  grounds  already  mentioned,  I  an* 
Cwerand  maintain  with  confidence,  that  the  increafe  of  weight 
wfesfrom  the  air  of  the  Tcflel,  which  ^condeafcd»  rendered 
heavy,  and  adheiive,  by  the  violent  and  long  cootiouod  heat 
of  the  furnace ;  this  air  mixes  itfelf  with  the  calx  (frequent 
agitation  conducing)  and  attaches  itfelf  to  the  minutefi  mole- 
coles,  in  the  Came  manner  as  water  renders  heavy  faod  which 
is  agitated  witli  it,  and  moifteos  and  adheres  to  (he  fmalkft 
grains. 
He  oppoiei  other  J*  ^^y  combats  in  this  work  the  opinion  of  Cardaa  (Uk^  5 
cuntncopiiuoiii.  defuhtiliiaU)  on  the  augmentation  of  weight  of  metallic  ox- 
ides; that  of  Scaliger,  that  of  Ccefalpinus,  who  afoibed  thia 
augmentation  to  a  foot  condenfed  and  refleded  by  the  furjMC9#> 
which  foot,  according  to  their  opinion,  fell  down  upon  the 
metal.  He  (hews  likewjfe  that  the  augmentation  of  weight 
proceeds  neither  from  the  veJel,  nor  fi'om  any  emanation  of 
(he  charcoal,  nor  from  the  humidity  of  the  air*  It  is  difficult 
to  conceive  how  J.  Key  could  attain  to  thefeconclufions  by  the 
force  of  reafoning  alone»  without  experiment,  and  ignorant 
as  he  was  of  many  of  the  preliminary  date. 
His  doArlnes  I^  appears  that  towards  the  end  of  the  lafi  century,,  when 
weie  not  xtfAyt'^  Boyle  and  (bme  of  his  cotcmporaries  created  the  new  (cience 
^  of  natural  philofophy*    of  which  the  ancients  had  not  the 

flighted  notion,  the  work  of  J.  Rey  was  entirely  forgotten.— 
BoylCf  in  his  treatifc  on  the  weight  of  flame  and  of  fire,  pub- 
liflied  in  1670,  that  is  <tO  years  after  the  publication  of  Key's 
work,  makos  no  mention  of  it ;  proceeding  upon  (bme  illufory 
experiments,  he  flill  maintained  at  that  time  that  the  augmen- 
tation of  weight  which  the  metals  acquire  by  theic  oxidaiioa 
arifes  fiom  the  fixation  of  fire. 
^uinorbjLc.  Lemery,  who  was  an  exa6l  and  fcrupulous  obferver,  em- 

9»^*  braced  the  dime  opinion  :  he  attributes  the  oxidation  of  aaetalt 

and  their  augmentation  in  weight  which  accompanies  that 
operation,  to  the  combination  of  igneous  particles  with  the 
pietal. 
Opinion  of  Charras,  cotemporary  of  Lemery,  afcribed  that  augmen-^ 

Chtnait  tation  to  the  acids  of  the  wood  and  charcoal,  which  as  he  flip- 

pofed  penetrated  the  veflels  and  entered  into  combination  with 

<  the  metals.    Since  that  timelhe  fame  acid  of  wood  ao4  char- 

coal 
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coal  has  re-appeared  under  the  name  of  acidum  pi ngue,  igneoai 
■cid,  and  under  feveral  other  denominations  which  it  would 
be  fuperflaoas  to  enunrerate. 

Staahl  could  not  be  ignorant  of  the  faiS  that  metals  expofed  — ta^  oiSmM 
to  heat  acquire  an  increafe  of  wel^t ;  and  yet  he  not  only  did 
not  attempt  to  explain  it,  but  alfo  the  fyflem  under  which  he 
dallied  the  whole  of  the  chemical  phenomena,  and  which  after 
faim  has  beenfo  much  extended,  is  ahfolateiy  in  contradiAion 
irilh  this  capital  faA. 

Staahl  foppofed  that  (he  metal <;  are  compoTed  of  a  metallic 
tirth,  and  an  inflammable  principle,  which  he  named  phlogi* 
iton ;  he  pretended  that  they  loft  this  principle  by  their  oxtda* 
lion,  and  that  they  could  not  return  to  the  metallic  ftate  unlefi 
the  phlogifion  4hey  had  loft  was  reftored  to  them. 

It  was  diiScult  to  imagine  how  the  melaU  acquired  weighty  DiflScuItSet  «f 
wbilft,  according  to  Staahrs  do6lrine,  they  loft  a  part  of  their  J^^^JT*^ 
fabftance;  and  on  the  other  hand,  how  they  diminiftied  in 
weight,  when  they  recovered  one  of  the  principles  which 
fbey  had  loft ;  it  was  one  of  the  chief  difficulties  that  could  be 
prated  againft  the  theory  of  Staahl,  this  difficulty  however^ 
fan  aot  hindered  the  theory  from  having  a  fuccefi  of  limited 
duration* 

Gay  ton  Morireau  has  made  fome  unfuccefsful  eflbrti  to  pal-  Mbnreaii*t  ea« 
fate  this  com radidion,  in  his  differtation  on  this  fubjed,  under  j^!!?'Sl!?,^'*' 
the  title  of  Dctrreffion.^  Acndtmiquts ;  he  fuppofes  that  phlogi- 
ton  u  lighter  than  atmofpheric  air  ;  and  he  concludes  that  all 
bodies  that  acquire  phlogifton  (liould  lofea.  part  of  their  weight; 
thaty  on  the  contrar)',  thofe  which  lofe  phlogifton  thould  aug- 
menl  in  weight.  This  explanation  would  ha%'e  t>een  tenable, 
M  the  augmentation  of  weight  acquired  by  the  metallic  ox« 
ides  been  equal  only  to  the  weight  of  the  air  difplaced ;  or, 
which  is  the  feme  thing,  if  it  had  difappcared  on  weighing  itk 
facuo  ;  but  the  augmentation  is  much  too  confiderable  to  ad* 
arit  of  l>eing  attributed  to  that  caufe.  (ince  in  fome  metals  it 
eiceedi  one  third  of  their  weight.  It  is  neceffary  tben,  either 
to  give  Bp  the  explanation  of  Guy  ton  Morveau,  or  to  fuppofe 
^li  phlogifton  has  a  negative  gravity,  a  tendency  to  recede 
from  the  centre  of  the  earth,  a  foppofition  incompAtiUe  with 
all  the  fads  admitted  by  the  difciples  of  Staahl. 

Soch  wat  the  ftate  of  the  fcience  when  a  fet  of  experiments  Hiftory  of  the 
tndertakcn  in  111%  oponthe  different  kindi  of  air  or  gas^]]^*''^* 

G  2  which 
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which  are  diTongaged  in  effervefcenoef  and  a  great  noinber  of 
<^er  chemical  operations^  difcovered  to  me  demonftratively 
the  caufe  of  the  augmentation  of  weight  that  the  metali  ac- 
qaire'  when  expofed  to  heat.  At  that  time  I  was  not  ac 
qoainted  with  J.  Rey's  work  upon  the  fubjedt^  publiihed  in 
1650;  and  had  I  known  it,  I  (hould  have  coniidered  hU  opi- 
nion in  the  light  of  a  vagae  conjeflare,  which  did  honour  to 
the  genius  of  the  author,  but  required  the  attention  of  chenifta 
in  order  to  afeertain  the  truth  of  the  opinion  by  experiment. 
I  was  joung,  I  had  newly  entered  the  lifts  of  fcience,  I  was 
defirous  of  fame,  and  I  thought  it  necefliiry  to  take  feme  flep« 
to  fecure  to  myfelf  the  property  of  my  difcovery.  At  thai 
time  there  exifted  an  habitual  correfpondence  between  thq 
men  of  fciencc  of  France  and  thofe  of  England ;  there  was  a 
kind  of  rival ity  between  the  two  nations,  which  gave  import- 
mnce  to  new  experiments,  and  which  fometimes  was  the  caufe 
that  the  writers  of  the  one  or  the  other  of  the  nations  difpnted 
the  difcovery  with  the  real  author ;  confequently  I  thought  it 
proper  todcpoiit  on  the  ift  of  November  1/72,  the  following 
note  in  the  bands  of  the  fecretary  of  the  Academy.  This  note 
was  opened  at  the  meeting  of  the  5th  of  May  following,  and 
mention  of  thefe  circuni fiances  marked  at  the  top  of  the  note. 
It  was  in  the  foHowing  terns : 
Ht^Andt  ciMi         "  About  eight  days  ago  I  difcovered  that  falphur  in  burningg 

fulphar  mi  f^^  f^Qoi  lofinir,  auemenis  in  weis;ht ;  that  is  to  fay,  that  from 
pbofphornsgaia  j    r  r  i   i.  u  u  j     r    •.  •  i- 

weight  by  com.  one  pound  of  lulphur  much  more  than  one  pound  of  vitnolie 

buftioM,uidthatg(^|j  is  obtained^  without  reckoning  the  humidity  of  the  air; 

air  ibhtbtd.  tUP^^^P^^^^^  prefents  the  fame  phenomenon  ;  this  augmentatioii 
infers  that  the  of  weight  arifes  from  a  great  quantity  of  air,  which  becomes 
lencnl  and  dif-^^^  during  the  combufiion,  and  which  combines  with  the  v»> 

Cfifaget  air  from  pOUrs/' 

Ktharge  on  re-   ^    ,,  j*^-^^  difcovery,  which  I  confirmed  by  experiments  which 

clofed  velTeU.  I  regard  as  decidve,  led  me  to  ll/ink  that  what  is  obferved  in 
Ihe  combuftion  of  fulphur  and  phofphorus  might  likewife  take 
place  with  refpeA  to  all  the  bodies  which  augment  in  weight 
by  combuftion  and  by  calcination,  and  I  was  perfuaded  tlwt 
the  augmentation  of  weight  in  the  calces  of  metals  proceeded 
from  the  fame  caufe.  The  experiment  fully  confirmed  my 
conjeflurcs ;  I  operated  the  reduftion  of  litharge  in  dole  vel^ 
fels  with  Uales's. apparatus,  and  I  obferved  that  at  the  moment 
of  the  ^H^  of  tlie  caU  into  the  mc^lUc  flatcif  there  was  a 

difengage^ 


COLLIGT^OK  OF   llEIIOtftS*  %& 

iifefigBgemeDi  of  air  in  coofiderable  quanliiyt  and  thai  thit 
air  formed  a  volume  at  leatt  iOOO  times  greater  than  that  of 
the  litharge  employed.  Ai  this  difcovery  appears  to  me  ooe 
of  tiie  moil  intereAing  which  has  been  made  iince  Staahl,  I 
thought  it  expedient  to  fecare  to  myfelf  the  property^  by  de- 
pofiting  the  prefent  note  in  the  hands  of  the  (ecretary  of  thta 
academy^  toremmn  fecret  till  the  period  when  I  fiiall  puhliflft 
my  experiments/' 

(Signed)    LAVOISI£R. 
Pmii,  IJtNwembtr,  1772* 

Comparing  this  firil  note  with  that  which  I  had  depollted  whtnce  he  via. 

at  the  academy  the  20lh  of  October  precedinir  on  the  com-  ^*'^*^*  h»$  rifht 
__,  ri^t  •!«  •••#  J         ^     to  the  modem 

bullion  of  pholpborui,  with  the  paper  which  I  read  at  the  theory  of  con- 
academy  of  the  public  meeting  of  Eafter,  1773,  and  laftly  Initioo  in  1771. 
with   thofe  that  I  have  publitbed  fucceflively^  it  is  eafy  to 
perceive  that  I  had  conceived  fo  early  as  the  year  1772  the 
general  idea  of  the  theory  of  combudion  which  I  have  fince 
^ttbliflied. 

This  theory  which  I  have  condderably  developed  in  1777,  —which  was 
and  which  afmofl  at  that  period  I  brought  to  the  degree  ©^ ^Jjf^S^i^ 
perfedion  in  which  it  is  at  prefent,  was  not  beguh  to  behilmany  >eatt 
taught  by  Fourcroy  till  the  winter  1786-1787;  it  was  npt*^^*^^' 
adopted  by  Guyton  Morveau  till  a  later  period  |  and  Ber« 
Uiollet  wrote  ftill  in  the  language  of  the  phlogidic  dodrine  in 
1785.    This  theory  then  is  not,  as  I  hear  it  called,  the  theory 
of  the  French  cbemifts ;  it  is  mine,  and  it  is  a  property  which 
I  reclaim  before  the  tribunal  of  my  cotemporaries  and  of  poC- 
terity.    Others  undoubtedly  have  contributed  to  its  per fedion, 
but  I  hope  that  no  one  will  difpute  with  me^  all  the  theory  of  The  cUim  fpe- 
oxidation  and   combuftion ;   the  analyds  and  decompofition  «*fi"*'y  ft*tol« 
of  air  by  metals  and  inflammable  bodies  ;  the  theory  of  aci- 
diification  ;  more  accurate  knowledge  on  the  nature  of  a  great 
many  acid^^  and   particularly  the  vegetable  acids  ;  the  fird 
notions  on  the  compoiition  of   vegetable  and  animal  fub* 
fiances ;  the  theory  of  refpiration,   in  which  Seguin  co-ope^ 
rated  with   me;  the  prefent  colledion  will  prefent  all  the 
papers  on  which  I  found  my  cbims ;  the  reader  will  judge. 


ANNOTATION.— W.  N. 


It  was  my  inteniioo  to  have  pointed  out  hovr  fiur  the  earlier  Kotice  of  the 
^mifis,  as  well  as  fome  of  (be  contempoiaries  of  this  deferv.  ^^7  lAvento 
$  odiy 


%$  ANaiSrsrs  BY  BosACrc  Acrti. 

oftheAeoryof  cfdly  celclbrated  philoropheir,  are  intitled  to  rights  whidrtr iff 
cooi^ioa.        ^^p^jiy  ^.^1^^,  ^^^  onqttalified  cfehn  he  f»as  made.     I  cAtW 

ftow  fay,  whetlier  Rcy  did,  or  did  not  make  experiments,  bat 
whether  he  dtd  or  not,  he  certainly  tnuft  have  founded  his 
mtrodadlions  npon  fadl^ ;  afid  between  the  obfervation  of  well 
Mabh*(hed  fa€tn,  and  the  making  of  direft  expenments  there 
ieeml  to  be  no  effential  difference.  How  it  has  happened  thai 
the  great  Robert  Hookc,  who  had  invefligated  the  modem 
ih'eory  of  combudion  in  1664  and  publiflied  it  in  an  ample  de- 
tail on  his  micrographia  in  1675*,  and  John  Mayow,  who 
Ibon  afterwards^  or  about  the  fame  time  edabliQied  the  fame 
dodrine,  and  extended  it  to  pbyfiological  refults,  are  over- 
looked  by  our  author,  appears  to  require  fome  difcuflion.  t 
Ihall  take  an  early  opportunity  of  refuming  this  fabje^l. 


Acid  cf  borax 


XIX. 

On  a  Method  of  anali/zing  Stones  coniajnin^  fixed  Alkali,  hjf 
Means  of  tfte  Boracic  Acid,  By  Humphry  Davy^  ^q.  f*R,Sm 
PrqfeJJbr  of  Chemiftry  in  the  Royal  Infiitutiou  f. 

1  HAVE  found  (he  boracic  acid  a  very  afeful  fobfiance  for 
very  ufcftti  in     bringing  the  conftiiuent  parts  of  Clones  containing  a  fixed  alkalt 

^    *  into  ibhition. 

.       ^  ^  Its  attradion  for  (he  different  fimple  earths  is  confiderable  al 

with  earths  by  the  heat  of  ignition^  but  the  compounds  that  it  forms  witK 
ignitioaand  ^y^^^  ^^^  cafily  decompofed  by  the  mineral  acids  dilToIved  it* 
nineral  acids,     filter,  and  ft  is  on  this  circtfmflance  that  the  method  of  anafyfls 

is  founded, 
Froceflei.  '^^  procefTes  ate  very  fimple.  " 

Pulverise  the  ^^  grains  of  the  done  to  be  examined  in  very  fine  powder^ 
Aone  and  fofe  muft  be  fufed  for  about  half  an  hoar,  at  a  firong  red  heat,  in 
hofacic^id?  *  criiciblc  of  plattna  or  filver,  with  200  grains  of  boracic  acid. 
D  geft  with  ^^  ounce^and  half  of  nitric  acid,  diluted  with  feven  or  eight 

weaknicric  acid. times  its  quantity  of  water,  mufl  be  digefied  upon  the  fufed 

nafs  till  the  whofe  is  decompofed. 
iTaporatc.  '^^  ^"^^  ^^^  ^^  evaporated  till  its  quantity  is  reduced  t6 

an  ounce  and  half  or  two  ounces. 

*  Copied  in  bur  Journal  quarto  (erics  III.  479. 
t  l^bfl.  TfanC  Pftrt  11.  for  1S05« 

if 


If  tbe  ftonQ  oooUin  filex^  this  eaiih  will  be  Teparated  ia  the:  Silcx  if  prefent 
procefs  of  folutioii  and  evaporation;  aid  it  maft  be  coUedcd^    cpafate. 
npop  a  fiUpr»  and  walked  with  diftilled  water  till  the  boracic 
acid  and  all  the  fsilinematler  it  feparated  from  it. 

The  fluid.  miT^td  with  the  water  that  has  pafled  through  the  PrecipitMe  the 
filter,  muft  be  evaparated,  tiii  it  is  reduQed  to  a  coavenicat  J^'J^*"- 
qoaolk>9  fucb  as  (hat  of  hali'a  pint;  when  it  mail  be  (atocated  ammMua. 
wilh  carbonate  of  aoHaooiai  and  boiled  with  an  auxk  of  this 
fait,  till  all  tlie  materials  that  it  contains,  capable  o£  being  pre. 
cipitated,  have  fallen  to  the  bottom  of  the  veffel. 

The  folatioD  muft  then  be  feparated  b^  the  filter,  and  the 
earths  and  metallic  oxides  retained* 

It  miiA  be  mixed  with  nitric  acid  till  it  taftes  flroogly  foort  Add  lutrk  acid 
and  evaporated  till  the  boracic  acid  appears  free.  liquid. 

The  fluid  maft  be  pafled  through  the  filter,  and  fobjeded  SqMuite  the 
io  evaporation  till  it  becomes  dry;  when,  by  expofure  to  a^^^lj^^^^^ 
heat  equal  to  4d0^  F4renhcit»  the  nitrate  of  ammonia  will  be  Decompofe  the 
decooipoied,  and  the  uitrale  of  potaih  or  foda  will  remain  »«^jJJ'^^S^  ' 
the  yefTel. 

It  will  be  anneceiTary  for  me  to  defcribe  minutely  the 
ipethpd  of  obtaining  the  remaining  earths  and  metallic  oxides 
firee  from  each  other,  «^  I  have  ufed  the  common  procefTes. 
I  have  feparated  the  alumine  by  folution  of  potaih,  the  lime  by 
fttlphuric  acid,  the  oxide  of  iron  by  fuccinate  of  ammonia,  the 
inaoganefe  by  hydrofulphuret  of  potaih,  and  the  magoefia  by 
pure  foda. 


XX. 

SameFa^  and  Speculations  on  the  luminous  Phenomena  qf  Eleo 

trkity,     W.  N. 

/\B0UT  eighteen  years  ago,  I  wa^  confiderably  occupied  Communication 
in  experiments  upon  eleflricity,  many  of  which  were  comma- ?*  *^  ^®^** 
aicated  in  tl799,  to  the  Royal  Societyi  and  were  publi(hed  elc6tnclt7, 
in  tbe  traaiadions. .   In  the  twenty-third  (iedtion  of  that  com* 
nanicatign,  fome  account  is  given  of  certain  changes  which 
take  place  in  the  luminous  appearance  of  metallic  balls  when 
cleArified  s  but  the  plienomena  were  not  delineated,  becaufe  I 
ieierv€|d  them  for  another  opportnnity.    After  fo  long  an  in.* 

tcrval 


IS  LOMIl^OtfS-ElECTRrcirlf'. 

(ervaloftiiBc,  I'now  pre&nttbem  (o  the  reader  frotti  injnotet# 
and  the  Iketch  then  made. 
Three  appear-        Sept.  1 9 ,  1 7  S7 .    A  fniall  ball  in  the  (late  of  eleadcilj  called 
tii?ed**bdl!  *^t'  P<^^'^*^^»  threw  out  fiaOies  or  ramified  fparks;  and  when  the  in- 
givet  flafliM  s  it  tenfiiy  was  encri-afed,  the  ball  itfelf  became  Ittninoat,  at  ttie 
^tlTJ^Tv'"*  **"®  ^'"^  eraitUng  the  flaflies*    When  the  elearicity  was 
flaiheiof  no-    A>li  moTC  ftrongly  excited  the  flalhet  oeafed,  and  a  circle  el' 
ther  kind.         light,  extending  aboot  45  degrees  roond  the  point  fiirtheft  from 
the  ilem.  was  ieen  on  tlie  ball,  and  a  Arong  wind  proceeded 
from  il. 
Zxperimentwith      /^  [^\\  j^f  ^^e  inch  and  a  half  diameter  was  ufed ;  and  elcc- 
diametcr.  tricity  communicated  by  means  of  a  cylinder  nine  inches  dia- 

meter, having  its  culhion  eight  inches  long.    Tlie  excitation 
was  Hrong  enough,  by  flow  turning  with  a  fingle  winch>.  to 
throw  out  large  bru(has  of  light.     When  the  rotation  -  was 
quicker,  the  flafhes  difappeared,  and  the  circle  of  light  was 
teen,  having  a  bright  fpeck  moving  irregularly  round  in  its 
Defcripiion.       periphery.     Quicker  turning  threw  out  bruflies  of  light  very 
different  from  the  others :  Thefe  were  lefs  luminous  in  the 
branches ;  many  ftarted  out  at  once  with  a  hoarfe  found*  They 
were  greeniCh  at  the  point  or  furface  of  the  ball,  reddiih  in 
the  flem,  and  ramified  fooner.     Half  a  dozen  were  fometimos 
ieen  flaihing  out  at  once* 
£fperiiiieiit  with     A  ball  of  four  tenths  of  an  inch  in  diameter  was  ufed.     Mo- 
balir^It  l^me  *J^***  excitation  produced  a  denfe  broth  of  light  about  two 
luouaouf,  and    inches  in  length.     Wiih  flronger  eleftricity  the  bmih  difap* 
*^  '**^  *        peared,  and  the  upper  half  of  the  ball  became  luminous. 
When  the  excitation  was  flill  (Ironger,  more  than  half  of  the 
ball  was  luminous,  as  reprefented  fig,  3,  Plate  /.  and  fome- 
times  a  ramifiod  flafh  flruck  out  from  the  top.     Other  flafhes 
were  fometimes  feen  fideways  when  the  electricity  was  Arortgeft 
of  all ;  but  this  happened  feldbm. 

The  light  was  faint,  and  feemed  to  be  about  twice  the  djf- 
meter  of  the  ball.  It  el^tended  more  than  half  wsty  down,  and 
fpread  noft  fideways. 
A  Urge  ball  »|  When  a  larger  ball  of  two  and  a  half  inch  diameter  wiw 
inch.  dUou  „f^^  ii^^  brufhes  of  light  flew  out  from  three  or  four  ftema 
Ipgetbcr  to  the  length  of  about  fix  or  feven  inches,  makfllK 
a  hoarfe  noife;  but  they  could  not  be  made  to  di&ppetr^ 
though  they  feemed  now  and  then  to  ceafe  for  a  moment  #heB 
the  turning  was  mofi  vigorous. 

^  TV 
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The  fieit  dajr^  when  (he  excitation  wai  very  nearly,  but  MediiSeation  of 
hot  quite,  as  ftrong,  it  Wa8  obferved  that  the  order  of  thefe  ^  pheaoolinn, 
appearances  could  be  effected  by  the  affiflance  of  a  metallic 
point.  Plentiful  brufhes  were  thrown  out  from  a  three  inch 
WII,  but  they  could  hot  be  made  to  difappear.  When  a 
pointed  wire  or  a  fmall  metallic  ball  was  prefented,  the  ef* 
feds  were  as  follow  : 

Tbe  point  being  lit  a  great  dillance^  the  root  of  the  brufli  by  the  Tidntty 
bad  a  luminous  circle  6f  lambent  light  round  it  on  the  furface  rl!if?!2f.^^ 
bfthe  ball.  When  the  point  was  nearer,  the  brulh  difap* 
i>eared,  and  nothitlg  was  fe^n  but  an  exceedingly  bright  fpeck 
bn  the  furface  of  the  bdll,  which  was  fometimes  (lationary  and 
fometimes  iDoved  about.  When  the  point  was  (Uli  nearer, 
the  fpeck  ibrew  out  ramified  fparks  Of  the  fecond  kind,  at  the 
iame  time  that  a  lambent  luminous  cirde  appeared.  The  fpeck 
tvas  never  in  thb  center  of  the  circle,  but  moved  at  a  diftance 
I'ound  the  circle^  irregularly,  fometimes  the  one  way  and 
fometimes  the  contrary»  and  was  fometimes  flationary. 

Thefe  two  orders  of  brufhes  were  entirely  the  fame  as  thofe  More  ptrticobir 
bf  the  day  before.     The  luminous  brufli  which  firft  appeared  fefcrfptioiiof  iii# 
nad  a  flraight  Hem,  theti  a  broken  or  lefs  luminous  part,  be-  pemmces; 
jrond  which  lobfe  cotton-Iouking  fibres  flew  off  in   radial  di- 
fedions,  as  at  Fig.  1,  PL  J.    The  latter  ramified  fparks  had 
a  ftraight  central  flemi  out  of  which  well  defined  branches 
iflued  nearly  at  right  angles.    They  much  more  clofely  re- 
fembled  a  tree  bare  of  leaves. 

The  fecond  brufli  wai  not  largeri  but  rather  lefS  in  its  dU 
inenfions  thah  the  firfl. 

When  the  ball  of  four*tenths  of  an  ihch  ^as  held  at  a  cbr- All  the  phenol 
tain  diftance  from  the  two  and  a  half  inch  ball,  when  el^ari- ^*^^  ^'^****  *^ 
fied,  the  fird  kind  of  brufli  was  feen  oti  the  fide  farthefl  from 
the  fmall  ball,  at  the  fame  time  that  ihe  fecond  kind  of  fpark 
or  brufli  flew  out  towards  the  fmall  ball,  and  tbe  lambent  lu- 
minbus  appearance  was  feen  on  the  furface. 

Thefe  are  the  general  fa6ts ;  but  I  have  tio  doubt  but  they 
Ivould  prefent  many  modifications  upon  being  repeated. 

Thefe  fadls  may  ferve  to  alfifl  our  meditations  with  regard  ItemtrksoA  tha 
to  the  nature  of  the  eieflric  fpark.     In  a  late  paper  by  Mr.  «I«^J«  ^P"*^* 
Biot,  given  at  page  214  of  our  Vol.  XII.  the  author  makes  an 
ingenious  conjedure,  that  the  light  and  heat  in  this  pheno* 
ihenon  may  have  been  produced  by  mechanical  compreflion 
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Whether  Bioc*i  of  the  atmorpberic  air.     Whether  this  fuppofaion  can  be  re« 

I^'condenfed  ^^^^^'^^^  *^  ^^^  appearance  of  ihe  fpark  in  oil,  and  to  fomp 
air  can  be  {up-  atiDofpheric  phenomena,  in  which  we  are  told  of  luminous 
ported.  jjalls  moving  apparently  with  hulc  velocity  through  the  air, 

and  pf^rticularly  that  (lowly- moving  artificial   fire-ball,   pro- 

Wirltire's  fire-  duced  once,    and   only  once,   by  WarUire>    as  narrated  ia 

•  Prieftley's  work  on  air,  may  admit  of  queflion*     \Vhen  w^ 

CMnbuftioaof    confidcr  (hat  a  particle  of  iron,  cut  off  and  fet  on  6re  in  the 

inil^t  a^d  ftetlt    common  a6lion  of  ftriking  a  light,  appears,  from  the  vivacit/ 

of  its  con^budion,  to  be  4  body  of  confiderable  magnitude, 
requires  a  very  though  the  ufual  quantity  of  metal  would  not  forip  a  ball  qf 
©f'metol;  ®"®  thoufaodth  of  an  inch  in  diameter;  when  we  condder  the 

£  led  ric  temper-  prodigious  elevation  of  temperature  indjcated  by  the  explofion 

uenwIySvatedi^^  ^'"^^  ^^  *^^  metals  by  the  ele^ric  fiiock,  particularly  10 
thofe  beautiful  and  flriking  experiments  which  Van  Maruqi 
All  metals  loie  lias  publifhed  ;  and  laflly,  when  we  call  to  mind  that  a  me- 
•na^tlie  fpiilc  ^M*c  chaii)  lofes  part  of  its  weight  every  time  a  f}iock  is  pafTed 
pafles  only  be-  through  it,  and  that  the  fpark  is  never  feen  to  pafs  betweep 
^bLe  b^icsJ*  "  incombuftible  bpdies-r-confiderable  reafons  will  prefent  them- 
^jHeocft  probablr  felves  ip  favour  of  a  modified  fuppofition,  that  the  eleflric 
'h^!!lf*fe^  fpark  may  confifl  of,  or  be  accompanied  by,  a  portiop  of  thp 
fire.  body  from  which  it  proceeds. 

Fir«-BalU,  <cc.       Are  not  the  atmofpheric  fire-balls  or  luminous  meteors, 
may  be  elcdnc  j|jg  (hooting  flap  and  the  fjones  which  have  fallen  ffom  the 
^    *  atmofphere,  el^dlrjc  fparks  upon  a  (c;^Ie  of  immenfe  mag- 

nitude } 
and  the  fpark  t       }f  any  luminous  ball  were  to  pafs  with   a  fwift  angular 
fc-^1*  motion  over  the  field  of  view,  it  would  have  the  appearance 

of  a  line  or  ftreak  of -lights  If  it  were  to  bieak  in  pieces  many 
divergent  llreaks  would  be  feen*  May  not  the  electric  brof^i 
be  a  phenomenon  of  this  defcription  on  a  fmall  fcale  ? 
FtAs  are  more  It  would  not  be  difficult  to  apply  this  fpeculation  to  the 
ifanted  than  fijjrures  1  and  2  before  us ;  but  as  we  are  more  in  want  of 
fads  than  of  conjedlures,  and  a*;  il  may  be  hoped  that  fome 
of  my  readers  who  have  the  mcan^  and  the  time  will  purfuc 
this  investigation,  I  (hall  for  the  prefent  conclude. 
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SCIENTIFIC  NEWS. 

Anatomical  Cabinet, 

THERE  h^s  appeared  at  Berlin,  a  complete  defcription  of  AQatoauul  9^ 
Hie  anatomical  cabinet  of  M.  Waller,  which  ihe  king  has  pur-^*'*^ 
chafed^  almoft  a  year  ago,  for  the  fum  of  400.000  francs^ 
tfhjs  catalogue  h  compofed  of  fixty-two  printed  ilieets. 


T^ 


Shower  qf  Peas. 

Dr.  Hiem,  of  Berlin,  has  publifhed  a  note,  in  which  he  ex- Shower  of  pc^ 
plains  that  the  peas,  which  were  faid  to  have  fallen  from  the 
atmofphere  in  a  fliower  at  Landfchut,'  in  Sileiia,  were  mereir 
tubercles  which  are  feparated  from  the  roots  of  feveral  plants. 
Thofe  in  qucQion,  according  to  the  Do6!or,  were  afforded  by 
the  roots  of  the  aquatic  plant  Ranunculus  Ficaria.  He  pre^ 
tends  that  an  enormous  mafs  of  thefe  tubercules  na^y  have  been 
formed  in  certain  cavities,  whence  they  might  be  carried  to  ^ 
diftance  by  the  whir!  or  eddy  of  flrong  wind.  He  fupports 
his  opinion  by  the  accounts  of  Hiowers  of  this  nature  given 
by  the  celebrated  Klaproth  in  his  Journal  of  Cheroiftry.— 
The  Do^or  concludes  by  remarking^  that  thefe  tubercles 
contain  a  farinaceous  fubflance  equal  in  goodnefs  to  that  of 
potatoeSf  and  Recommends  an  ^i  tentiop  to  the  ficaria  fojr  this 
purpofe. 

Univerjal  Language, 

THE  Celtic  academy,  in  a  fitting  pf  laft  April,  made  ITnjvtrlal  lic^ 
proof  of  a  new  difcoverybyoneof  its  miembers;  which  gives *"'^* 
the  power  of  correfponding,  and  difcourfing,  with  men, 
whofe  language' is  onknowni  with  expedition,  without  pre- 
yious  (ludy,  any  expence,  the  leaft  trouble,  or  the  fmalleft 
labour  of  the  mind.  The  proof  made  at  that  fitting  by 
twenty«five  academicians,  onthe  languages  of  Europe,  afcer- 
tained,  that  by  the  aid  of  this  invention,  a  man  may  travel 
any  where  without  an  interpreter,  demand  what  he  wants, 
difcourfe  on  whatever  fubjefts  can  intereil  any  fort  of  travellers, 
and  even  exprefs  metaphyfical  thoughts.  It  is  intended  to 
pial^e  this  difcovcry  public  at  the  return  of  the  Emperor. 

H2      .  Thf 
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The  above  account  has  appeared  in  feveral  publications  of 
credit,  but  it  is  probable -the  account  is  exaggerated  in  fevend 
rcfpects. 


Turkijh  Edift  in  Fatour  of  Science. 

THE  Grand  Seigrnor  has  conftituted  Prince  Moroufi,  bf 
Avourof  fcU  "**  diploma  written  with  his  own  band,  direftor  general  of  Ibtl 
ence*  hofpilals  of  his  eropirci  and  ii^fpedlor  of  the  fchools  of  medi- 

cine, mathematics,  and  hdU%  lettres,  which  his  highnefs  is  en- 
gaged in  founding  with  all  pofUble  difpatch;  This  diploma  is 
t^markable  for  the  gredt  praifes  of  the  fciencts  made  in  it  hj 
the  Grand  Seignor;  as  they  hitherto  have  been  in  no  great 
favour  with  the  Mahometans.  In  rendering  judice  to  the 
Ikili  of  the  Chriflian  phy^cians>  who  havQ  fiudied  at  tbe  qoh  '' 
verfittes  of  Halle,  of  Padua,  and  of  Mohtpelier^  the  Grand 
Seignour  rerparka.witb  much  truth,  that  tbeCe  phyficians,  wben 
X  brought  itlto  foreigd  countriea^  oiten  .commii  great  eriora  on - 

.  account  of  the  difiereiictt  of  the  temperature  6f  the  cUcnates  ; 
from  whence  he  concludes  that;  in  order  to  pradifo  medicine 
iu'ellj  it  is  neceflary  to  fiudy  in  the  country  where  the  profef* 
ixon  is  to  be  e^tercifed. 


Coptic  xna&iU 
ftript. 


Coptic  Manufcripts, 

'  THE  celebrated  Daniih  antiquarian,  M.  Zbega,  is  daily 
occupied  at  Rome  in  completing  his  catalogue  of  Cophtit; 
manufcripts  in  the  Borghefe  mufeum.  lie  intends  afterwards 
to  publiih  a  new  topography  pf  ancieat  Koroe.  It  is  probable 
(bt«  work  will'be  printed  in  Germany,  becaufe  it  will  require 
sOtUDorous '  engravings,  which  no  Italian  bookfeller  would 
choofe  to  go  to  the  expence  of.  It  is,  bowevef ,  not  believed 
'that  ,M«  Zo^;a  will  occupy  the  pfofeflbr's  chair,  wbicb  bai 
"been  granted  him  at  the  Umveriity  of  Kiel,  as  tie  is  too 
itouch  accufiomcd  to  the  fine. climate  of  Italy  to  leave  it  wiJ* 
Itngly.  4 
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FEBRUARY^    1806, 

ARTICLE   L 

On  ikt  Cdujt  qf  Fmry  Rings.     In  a  Letter  firm        ' 
Mr.  Flo&ian-Jolly. 

To  Mr.  NICHOLSON.  ^ 

Jjjtmbly'houfe,  Laytonftonc,  EJex, 
SIR,  January  13. 

OEEING  by  the  letter  of  Mr.  Gough  inferted  in  the  laft  The  phc nomc^ 

Namber  of  your  Journal,  that  the  caufe  of  fairy-rings  is  net  ^^    ^^* 

yet  agreed  upon  among  naturalifts^  I  beg  leave  to  fubmtt  to 

their  confideration  a  few  fads  which  I  had  occafion  to  re* 

mark  fome  years  ago,  during  a  fummer  refidence  in  Hamp* 

flure. 

The  park  of  Broadlaodst  Lord  PalroerHon's  feat,  near  Rum*  (reduced  In 
ieyt  was  diYided  into  three  principal  inclofures,  formed  by^^^"^^^ 
hurdles  only.    One  of  thefe  had  been  lately  mowed  ;  there  of  Bruadlandt 
were  cattle  grazing  in  the  next;  and  the  other,  which  had  ^'^^jj^  ^^ 
afforded  winter  and  fpring  fodder  to  fome  horfes  kept  at  grafs, 
was  then  left  to  grow  for  an  autumn  crop«     This  lad  exhibited 
an  immenfe  number  of  &iry  rings,  fome  perfedly  circular, 
(bme  fbrming-  irregular  curves,  and  others  nothing  but  fmall 

VoL.XllL^FMSMfTAMr^  1803,  I  round 
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round  paicbes:  In  all  of  thefe  the  grafs  grew  more  lusariatif 
and  of  a  deeper  hue :  No  other  fungus  was  to  be  found  ii» 
any  of  them  but  (he  efculent  mulhroom.     In  the  part  lately 
mowed,  and  in  that  where  the  cattle  werb  grazing,  there  was 
not  the  lead  appearance  of  fai  ry-rings. 
Another  field        In  the  courfe  of  fubfequent  perambulations,,  I  obferved  in 
dbo^ig  with  ^  gj^j-^  ^g,j  finiated  on  the  top  of  the  firft  high  ground  upoa 
the  road  from  Rumfey  to  Sali(Bury,  appearances  nearly  fimilar 
to  thole  MhibiCed  in  the  growing  |^k(s  of  the  park.    ThaMr 
had  been  all  fummer»  and  there  were  dill  horfes  grazing  in 
this  field  i  The  fairy-rings  were  tiumeroufs,  but  the  grafs  in  the 
rings  and  patches»  in  (lead  of  being  more  luxuriant,  was  com* 
pletely  dry  and  blafted,  and  there  gteW  t#o  or  three  different 
fiKigi*,  all  of  them  of  thofe  forts  which  are  reckoned  noxious* 
They  were  not       That  the  fairy-ringr  at  Broadlands  were  not  the  eflfed  oF 
clcftricit^^       cleftricity,  appears  to  me  beyond  all  doubt,  (incc  one  part* 
only  of  ihe  park  exhibited  them,  while  the  reft  of  the  conti-^- 
guous  grounds,  divided  from  that  part  by  nothing  more  tha» 
a  row  of  hurdles,  did  not  fliew  any  fuch  appearance :  other* 
wife  it  rouft  be  cont^ded,  that  the  eleflrical  phenomena  might 
take  place  on  one  (ide  of  the  hurdles  and  never  on  the  other,  • 
a  predilection  truly  lingular,  and,  I  (hould  think,  difficult  to* 
be  accounted  for. 
but  by  the  e;t-       Another  ik6t  which  I  have  repeatedly  obferved  flnce  thsrt' 

hor™r^  °^  ^  *'"^'  ^^^  '^^  ""^  ^^  fufpea  that  the  fairy-rings,  their  different 
app)BarAn'e^,  aiid  the  various  fpecies  of  fungi  found  in  them, 
might  be  pfodacied  by  no  more  uncommon  caufe  than  the  ex* 
crements  of  the  horfes. 
Affument  from     The  hol-beds  made  ofhorfe-dung,  wliich  I  have  had  feverel 
[^ .^P^?**^   times  in  my  garden,  have  generally  produced  in  fticceffioh  the 
fame  fungt  which  dre  to  be  found  In  the  different  dates  of  the 
fairy-rings.     Whilft  Ihe  beds  are  yet  new,  the  fungi  are  of 
the  fame  noxious  fpccies  as  I  faw  in  tlie  dry  blafted  fairy-i:i'ngs> 
but  when  they  grow  cooler  and  more  matured,  efculent  rnuflv 
rooms  begin  to  grow  naturally,  and  although  no  fpawn  waft 
ever  put  in  the  bed. 

I  have  alfo  remarked,  that  horfc-dung  produced  in  fome- 
feafons  an  rmmeiiie  quantity  of  muflirooms,  and  hardly  any  ia 
others :  Thk<;  might  perhaps  be  attributed  to  the  different 
quality  of  the  hay  on  which  the  horfes  had  fed;  and  this  might 
explain  yrhy  fairy-rings  are  to  be  found  in  fome  paiftures  rather 

iij.in  in  others, 

That 
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TkU  fairj.ringt  (hoold  be  prodaced  by  (he  excrements  of  BxpeHmeot 
hmlet,  nay  be  illuftraled  by  a  very  fimpie  faft,  which  it  is  'n  JJ^'^^'tlS  dr- 
tbe  power  cf  every  perfoo  to  obferve.     If  you  let  fall  foroe  dudjoos* 
«l  apoo  a  marble  flab,  or  fome  other  liquid  upon  foaie  fub- 
Inoe  that  will  imbibe  it^  you  will  fee  it  gradually  fpread 
naad  in  m  more  or  lefs  regular  form ;  fometimes  afluroing  the 
ippc«rance  of  a  patchy  and  frequently  continuing  to  flow  from 
tbeoeoter  to  the  circomference«  where  it  accumulates  in  a 
|r Baler  proportion  than  in  the  inner  part  of  the  drc]e» 
llnii  the  form  of  a  ring. 
Tins  socamolatkm  of  the  fluid  at  the  circumference  may  bs 
«ily  explained.     As  the  fluid  expands^  the  preflTure  from  the 
ttaler  becomes  gradually  lefs,  iiU  at  laft  there  is  no  fufficient 
Aroe  to  oreroooie  the  refiflaooe  oppofed  by  the  dry  parts  of 
IW  Mid  fubAance  which  has  imbibed  it :  yetf  in  oonfiequenco 
«f  dM  irft  impulfe»  the  fluid  will  continue  to  flow  from  the 
cmler  tkroogb  the  fmall  channels  already  opened,  and  will 
thw  opfimuhle  in  greater  quantities  at  the  boundaries  wbero 
ill  expanfi^e  motion  is  flopped. 

The  excvemcnls  of  horfes,  diluted  by  the  raios  and  imbibed  ApfttssiM* 
IB  Orn  foil,  moft  have  an  efl»a  fimilar  to  that  jufl  defcribed. 
Wb  effisd  moft,  befldes,  greatly  depend  upon  the  nature 
ef  the  foil  and  the  faciltty  with  which  it  is  pervaded  hj 
tkm  Hoid;  hence  the  constant  appearance  of  foiry-riogs  ia 
faflBe  pofture-grounds^  while  none  are  ever  to  be  found  in 
iCben. 

Shotfki  yoot  Sir»  conflder  thefe  remarks,  and  the  deduc- 
tions which  they  have  fuggefled  to  me,  as  likely  to  throw 
faaae  light  opon  the  canfo  of  fairy*rings,  you  are  welcome  to 
make  any  ufe  of  them  you  may  think  proper. 

lam.  Sir, 

Your  obedient  humble  fervant, 

J.  FLORUN^JOLLY. 
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Eiperiments  an  tfie  Magneiifm  of  JUnder  Iron  Wires, 
Bjf  J OHU  GouGH,  Efq. 

To  Mr.  NICHOLSON. 
SIR,  Middkjhaw,  January  9,  1806. 

A  general  maxim  X  HE  (general  phenomena  of  magnetifm  have  given  rife  to  a 

fbtedf      "^      maxim  which  fliall  be  here  dated  in  the  words  of  a  jadidoiu 

writer  on  (he  fubjed.     <'  The  magnetifm  acquired  by  being 

placed  within  the  influence  or  the  fphere  of  adivity  of  a 

magnet  in  foft  ironi  lafis  only  while  the  iron  continues  in  that 

iituatton ;  and  when  removed  from  the  vicinity  of  the  magnet^ 

Its  magnetifm  vaniflies  immediately ;  but  with  bard  iroUf  and 

efpecially  with  (leel,  the  cafe  is  quite  different ;  for  the  harder 

the  iron  or  (leel  is,  the  more  permanent  is  the  mi^netifm, 

which  it  acquires  from  the  influence  of  a  magnet."  Cavallo  on 

Magneiifm,  London,  1787,  p.  30. 

ReiMrlcs  ta  this     This  propofition  is  of  great  utility  in  the  fcience,  for  itexplains 

maxim.  ^  variety  of  relations  betwixt  the  magnet  and  ferruginous  bodies^ 

but  I  have  obferved  one  phenomenon  that  appears  incxplica- 

Ue  on  the  principle,  and  confequently  may  be  faid  to  offer 

one  exception,  to  the  general  propofition.    As  my  experiments 

on  the  fubje6t  are  very  eafy,  it  feems  advifeable  to  deliver 

the  leading  circum  (lances  in  the  form  of  fo  many  precepts 

•becaufe  this  method  will  aflift  any  one  defirous  of  purfuing 

the  enquiry,  to  repeat  them  with  eafe. 

An  experimcQt       ExperimtfU  I.  Apply  either  pole  of  a  (Irong  magnet  to  one 

hcmaxUn.  ^      ^^^  ^^  ^  ^^^^  horizontal  bar  of  clean  foft  iron,  and  a  particle 

of  iron  equally  foft  to  the  other  end.     This  particle  will 

remain  fufpended  at  the  extremity  of  the  bar  until  the  magnet 

is  withdrawn ;  but  the  removal  of  this  power  will  diffolve  the 

connexion  fubfiffing  betwixt  the  two  pieces  of  iron,  and  the 

particle  will  drop  off  immediately. 

An  experiment       Exp.  2.   The  preceding  experiment  confirms  the  maxim 

contradiamg      ftgied  above,   when  condudled  according  to   the  foregoing 

diredions ;  but  let  it  be  repeated  with  the  following  alteration^ 

and  it  will  contradidl  the  general  propofition.     In  place  of  the 

particle  of  foft  iron,  fubflitute  a  piece  of  iron  wire  of  number 

32  in  the  wire  drawers  fcale,   the  weight   of  which  may 

amount  Io4wo  or  three  grainst    The  removal  of  the  magnet 

will 
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Will  not  break  the  connexion  formed  by  its  prefence  between 
the  bar  of  fofl  iron  and  the  wire;  for  the  latter  will  remain 
attached  to  the  end  of  the  former,  by  the  extremity  which 
was  firft  brought  into  contad  with  the  iron ;  if  the  piece  of 
wire  be  removed  from  the  end  of  the  bar,  the  magnetic 
connedion  may  be  revived  by  replacing  it  immediately.  The 
iiirae  thing  will  happen  if  the  wire  be  expeditioully  transferred 
from  the  firft  bar  to  another  rod  of  foft  iron  ;  hot  it  lofes  its 
magnetifm  in  the  fpace  of  two  or  three  feconds  when  kept 
at  a  difiance  from  all  ferruginous  bodies  which  are  capable  of 
attrading  it,  and  of  being  attraded  by  it.  Thefe  fadts  prove 
wire  of  number  32  to  be  a  magnet,  the  virtue  of  which  is 
conditional,  becaufe  its  permanency  depends  on  the  prefence 
of  fofl  iron,  and  perhaps  on  no  other  circum (lance  ;  for  the 
experiment  may  be  repeated  with  faccefs  upon  rufty  wire  of 
the  fame  fize,  or  op  pieces  which  have  been  made  red  hot  in 
the  flame  of  a  candle,  or  furrounded  by  faod  in  a  crucible, 
in  which  fituation  they  will  cool  much  mure  gradually  than 
when  drawn  fingly  through  a  flame. 

£fp«3.  This  capacity  of  iron  wire  to  preferve  the  "^g-^^^^i^. 
netifm  imparted  to  it,  as  long  as  it  remains  in  contad  with  a  diti«o«lnuignct» 
bar  of  the  fame  metal,  is  a  property  confined  to  certain  fixes ; 
for  let  tlie  6rft  experiment  be  repeated  with  a  fmall  piece  of 
cumbers  18  or  17»  not  equal  to  half  a  grain  in  weight*  and 
juft  as  it  comes  from  the  hand  of  the  workman,  this  piece  will 
perform  the  part  of  a  particle  of  foft  hammered  iron,  that  is 
it  will  drop  from  the  end  of  the  bar,  to  which  it  has  been 
attached  by  the  application  of  a  magnet»  to  the  oppofite 
extremity^  as  fogn  as  the  magnetic  influence  ceafes  to  ad 
Upon  it :  confequently  the  mere  operartion  of  drawing  fofl 
iron  into  wire,  by  forcing  it  through  a  cQnical  hoi^  too  narrow 
ibr  its  prefent  diameter^  wiU  not  convert  it  into  a  conditional 
magnet. 

Amongft  other  experiments  relating  to  the  fubjed,  I  took  Thebweil  fxxt 
the  trouble  to  examine  the  quality  of  every  fiz*  from  32  to  21,  ^,JJ„j5^„^1 
both  anclufive ;  the  i  1  fmallefl  wires,  the  extrearos  of  which  tiim  afceruintd* 
were  32  and  22|  were  all  conditional  magnets ;  that  ist  they 
all  adhered  to  the  bar  of  foft  iron,  to  which  t)iey  had  been 
previoufly  attached^    after    the    removal    of    the    magnet. 
Number  23  fopported  feven  grains  of  lead  including  its  own 
weiglpt,   without  the  affiflance  of  the  magpet ;  No»  ^4,  6^ 
liearlyi  No.  92>  4};   No.  2?j  no  more  th^p  l^p  grains. 

Ai 


As  rormimbfr  51,  it  poffelTed  the  fimple  proptitie* 
iron:  for  thtr  fhorteft  cyllrder  witicli  couid  be  lake n  ftom  » 
rod  of  this  (ize  by  meatu  of  a  culling  file,  dropped  ftom  Ihe 
mt!  of  the  horizontal  bat  ai  Toon  at  (lie  magnet  wai  wtth- 

It  is  difficiilt  to  fajr,  which  of  the  It  mirts  menlioned 
above,  hail  ihe  magnetic  virtue  in  the  moll  perfe£lion,  be- 
caufe  each  piece  diffi^red  in  diameter  from  the  reft  ;  befiitei 
which,  it  II  very  well  known,  that  a  mafs  of  iron,  oF  I 
weight  and  figure  dclerminabie  b^^  evpciiment  only,  tl  at- 
trafled  by  any  pariicutar  magnet,  more  powerfully  than  any 
other  mafi  of  the  fame  meial.  But  Ihe  preceding  triaU  have 
difcovered  one  circumHance  apparently  of  Tome  impoitance, 
for  they  (hew  that  wire  i>  converted  into  a  conditional  magnet 
by  it*  palTage  through  the  22  wordle,  or  vuire  drawers  io- 
tlruinenl;  and  that  the  23d  operation  bring*  (his  quality  in 
it  lo  perfeilion  as  far  as  we  can  judge  from  experimenU 

I  here  only  fpeak  of  wire  drawn  in  Kendal,  for  1  hav*  been 
told,  that  the  fame  article  roanufaflured  in  fome  parts  of 
Yoiklhire,  hat  a  much  greater  propenlity  to  bscome  magneti- 
cal.  This  information  was  communicated  to  me  by  Mf. 
Morrice,  a  very  intelligent  fupertntendant  of  a  manufiClura 
of  cards  in  this  lown  ;  who  moreover  obferved,  thai  wire  of 
this  defcription  acquires  a  degree  of  magnelifm  under  the 
■.lears,  which  induced  him,  when  employed  in  working  ii, 
to  fubAitute  a  btafs  gauge  for  Ihe  common  inlfrument  made 
of  iron. 
:.  The  magnetic  property  which  commences  wiiii  number  M, 
fcems  to  be  common  to  all  the  finer  Hzes,  for  1  found  it  in 
the  fmalleft  wire  I  could  procure,  and  which  apparently  did 
not  CKceed  a  flrong  human  hair  in  thicknefs. 

The  foregoing  experiments,  befides  proving  thai  flendar 
wires  acquire  a  magnetifm  which  is  permanent  as  long  ai 
they  remain  in  contafl  with  iron,  alfj  affords  an  exception  to 
a  fccond  general  maxim  of  the  fcierce,  which  afferls,  that  Ihe 
permanency  of  communicated  magrotifm  depends  on  the 
liardneft  of  Ihe  ferruginous  body  ihal  receives  it.  This  dee* 
not  appear  to  be  (he  cafe  in  expeiiment  2,  in  which  wiie  of 
No.  32  did  not  lofe  the  faculty  of  being  convertible  tnio  a 
conditional  magnet  after  undergoing  a  red  heat,  a  proceft 
thai  in  well  known  to  render  wire  very  faft.  I  even  repealed 
ifae  expetimcnt  wilh  the  fane  refult  on  ail  tizvi  betwixt  se 


•fu)  S%p  except  26;  pieces  of  each  fort  were  heated  1>o(^  in 
theflai^e  of  a  candte*  and  in  fand;  all  of  which  retained 
the  faculty  under  confideration  after  being  treated  in  both 
ways*  In  reality,  wires  that  had. been  thus  foftened,  feemed 
to  be  in  the  fame  condition  with  fmall  nails  of  cafi  iron,  con- 
Edered  as  retainers  of  magnetifm,  though  the  latter  are  of  a 
ipuch  harder  quality ;  for  a  nail  of  the  fort  called  fparrow- 
bills  by  (hoe-makers  e«h|()ited  the  appearances  defcribed  in 
ibe  fecqnd  experiment^  after  being  filed  down  to  the  thicknefs 
of  a  fmall  wire. 

If  then  tliat  kind  of  magaetifm  which  I  have  ventured  to 
call  conditional  do  not  depend  on  comparative  hardnefs*  to 
what  caufe  is  the  phenomenon  to  be  defcribed  ?  little  can  be 
offered  on  my  part,  be/ides  probable  conjedture^  in  anfwer 
to  this  queflion.  The  temperature  of  wire  is  confiderabljr 
raifed  during  its  paflage  through  the  wordle ;  and  may  not  we 
imagine  vyilh  fome  Akw  of  reafon^  that  this  encreafe  of  teni- 
pierattiF^^  joined  to  the  fubfequent  contad  of  cold  air,  pro« 
ducei  a  new  arrangement  of  the  molecules  conflituiing  the 
wire  which  enables  it  to  retain  ^  portion  of  magnetifm  as  long 
as  it  remains  in  contact  with  a  ferruginous  body  ?  if  .this 
fuppofition  be  true,  experiment  proves  the  new  arrangemeni 
to  take  place  in  the  212  wordle ;  when  the  ilendernefs  of  the 
wire  will  occafion  it  to  cool  fuddenly  after  paifing  through  the 
inftniment.  The  reality  of  fuch  changes  in  the  texture  of 
bodies  which  are  not  in  a  fiale  of  fufion^  is  admitted  at 
prefent  by  experimental  philofophers.  I  maywslfo  quote  in 
fiivour  of  this  hypothecs  fome  valuable  obfervations  made  by 
Gregory  Watt,  £(q,  on  the  various  degrees  of  magnetifm 
exhibited  by  the  fame  bazaltic  (lone  under  diflferent  forms  of 
cryfiallization ;  which  obiiervatioos  may  be  feen  in  your 
Journal  for  February,  i805« 

Any  attempt  to  explain  tlte  permanent  magnetifm  of  fmall 
wires  during  their  connexion  with  foft  iron*  and  the  lofs  of 
tills  property  which  enfues  when  the  connexion  is  broken, 
appears  to  be  fuperfluous,  becaufe  the  faA  is  evidently 
analogous  to  the  well  known  method  of  adding  (Irength  to  a 
magnet  by  a  gradual  encreafe  of  its  load  ;  for  this  operation, 
when  judicioufly  condudedi  gives  a  magnetic  charge  to  a 
bar  of  fiecl  already  touched,  which  it  cannot  retain  after  the 
fveight  is  removed* 

I  remain.  Sic. 

JOHN  GOUGH. 
F,  S.  I  neg. 


i 


IQO  DIFPIftlKalBS    TN   TBI   IfAGXBTIC    KBIDLI. 

P.  S.  I  negledted  to  mention  the  following  circamflance  in 
the  body  of  the  letter.  The  drawing  inftrament,  or  wordle, 
is  made  of  fteel ;  and  is  it  not  probable  that  this  tool,  poflefv 
fing  a  flight  degree  of  magnetifm  given  to  it  by  fri^ion  of 
other wife«  aflifls  in  producing  the  necefTary  arrangement,  by 
acting  upon  heated  and  flender  wires,  while  their  molecules 
are  in  a  violent  motion  from  the  preffure  of  the  indrument  it- 
fdf  ?  This  fuppofition  has  fome  claim  to  plauiibility ;  becaufe 
a  weak  magnet  will  impart  a  portion  of  the  fame  virtue  to  a 
bar  of  tempered  Heel,  the  particles  of  which  are  in  a  ftate  of 
vibration ;  for  a  rod  of  this  metal  will  acquire  a  degree  of  po« 
brity»  provided  it  be  ftruck  on  the  end  with  a  hammer  when 
its  axis  lies  parallel  to  the  dipping-needle, 

III. 

Ccnceming  the  Differences  in  the  magnetic  Needk,  on  Board 
the  Jnveftigator,  arifingfrom  an  Alteration  in  the  DireStion  qf^ 
the  Ship's  Head.     By  Matthew  Flindeks,  Efq,  Com- 
mander of  Ids  Majefiy's  Ship  Inveftigator.     From  the  Philojb* 
phical  TranfaSions,  1805. 

The  magnetic      W  HILST  furveying  along  the  foulh  coaft  of  New  Holland^ 

^e^le  U  af-       in  J  801  and  1 802,  I  obferved  a  confiderable  difference  in  the 
fecied  at  lea         ..«•/-.  ji  i  •  • 

by  the  portion    oireaion  of  the  magnetic  needle,  when  there  was  no  other 

©f  the  (hip's       apparent  caufe  for  it  than  that  of  the  fliip's  head  being  in  a 

difl^erent  diredion.    This  occafioned  much  perplexity  in  laying 

down  the  bearings,  and  in  allowing  a  proper  variation  upon 

themi  and  put  me  under  the  necefCty  of  endeavouring  to  find 

cut  fome  method  of  corredling  or  allowing  fur  thefe  difife* 

lences ;  for  unlefs  this  could  be  done,  many  errors  rouft  una* 

Toidably  get  admiffion  into  the  chart,     I  firfl  removed  two 

guns  into  the  hold,  which  bad  flood  near  the  compaflfes,  and 

afterwards  fixed  the  furveying  compafs  exactly  a-midfhips 

l^arcely  from      upon  the  binnacle,  for  at  firfl  it  was  occafionally  fliifted  to  the 

the  iroa  oo        vreather  (ide  as  the  fhip  went  about ;  but  neither  of  thefe  two 

v€d^a  

a)^rangements  produced  any  material  efled  in  remedying  the 
difagreeoients. 

The  following  table  contains  the  obfervations  for  the  varia* 
tion  of  the  compafs  in  which  the  differences  are  mofl  remark* 
able,  and  from  which  I  fhall  beg  to  point  out  fucli  inferences 
as  I  think  may  be  drawn  from  them. 

TABLE^ 
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It  is  apparent  that  fome  of  the  obferved  variations  in  the  The  enort  wue 
above  table  are  4<>  lefs  and  others  4**  greater  than  the  irulh  ;  *^^^  **,!?** 

**  way,  and  the 

and  it  maybe  remarked,  that  when  this  error  is  wefiward,  north  end  of  the 
the  (hip's  bead  was  eaft,  or  nearly  fo,  and  when  it  was  eaft-  "^^^^  ***!!*^? 

*  y       '  as  if  repelled  bj 

ward  the  head  was  in  the  oppofite  diredion.     When  the  the  ihie  s  head, 

obfervations  agree  neareft  with  what  was  taken  on  fliore,  or  ^^* 

with  what  may  be  deemed  the  true  variations  the  (hip's  head 

was  nearly  north  or  fouth;  and  a  minute  infpcdion  of  the 

table  will  favour  the  opinion,  that  the  excefs  or  diminution  of 

the  variation  was  generally  in  proportion  as  the  (hip's  head 

inclined  on  either  (ide  from  the  magnetic  meridian. 

Af\er  I  had  well  afcertained  the  certainty  of  a  difference  in 
Ibe  compafTes,  ariiing  from  an  alteration  in  the  point  fieered, 
I  judged  it  neceflary,  when  I  wanted  a  fet  of  bearings  from  a 
point  where  we  tacked  the  (hip,  to  take  one  fet  juft  before  and 
another  immediately  after  that  operation  :  fome  fpecimens  of 
thefe  here  follow, 

1 802.  Head  ESE.        Head  SW  b.  W.  Other  obferra- 

April  1 3  Ih,  r  Le  Geographe  *"*"*' 

J      Rocks    -    N55*to7I«E 
11*32'AM  I  Hpoint       -    N   4  W  after  tacking  N   9«>W 
—  In  point      .S32£  •  $40£. 

Head  SE  b.  E.  Head  W. 

m 

April  I4lh, 
9^  29'  AM  1 


"n  point  rocky, 

inner  part    N  39?  E.   after  tacking  N  30*'  E 
pro- 


,     jeaing  part  N  67    E  •  N  59  K 

—  Furtheft  vifible 
extreme  from 
deck        .       S   51    E  -  S   55  E, 


April  1 5th, 
11*5(/AM1 


Head  ENE.  Head  SW  b.  S. 

rr,  the  weftem 

part        .    N  15*'  W.  after  tacking  N  21  «^  W 

A  peaked  ham- 
mock     .     Nl9   E  •  Nl5   E 

—        Furtheft  extreme 

from  deck        S  5^   E  -  S  61   E 

"—        Centre  of  a  naked 

fandy  patch        -      E  -  E    5  N, 

Variation  per  amplitude  April') 

15,  AM,  taken  with  the  lur-  >  4^  6'  £,  (hip's  head  being  S» 
▼eying  compafs  J 

April 


i 


I0« 


DXrri&KVCIS    IN    THB    MAGNETIC    KBB9Lt« 


HtadE. 


Head  SW  b.  S. 


Limiti  of  errar 
m  oMerving 
teatingf  on 


April  15lb,  ^The  pealed 

I      hummock  N  12<>  W.  after  tacking  N  18<>  W 
5*  PM      I  Former  ex- 
I      treme,    a 
J     projeaion  S  59    E  -  S  64  E 


They  nay 
OTWunT  to  two 
•r  even  three 


Ee<ahs  fimilar 
t»  thofe  firft 
HateL 


—        Naked   fand 


landv 
patch,  diU 

Unl  3^    «    N  35    £ 


N31    E. 


From  fome  little  change  of  place  after  tacking  the  (liip»  and 
from  the  part  whofe  bearing  was  fet  not  being  perhap*  the 
individual  fpot  in  both  inftanc^s,  the  difference  between  the 
ieparate  bearings  in  any  fet  will  not  be  always  the  fame :  to 
Ihefe  caufes  for  error  alfo  may  be  added  inacurracies  in  taking 
the  angles  arifmg  from  the  motion  of  the  (hip  and  compafs* 
from  the  view  of  the  object  being  obftru6ed  by  the  rigging, 
mads,  or  (hip's  opper  works,  and  from  too  much  hade  to  get 
the  bearings  before  the  (hip's  place  was  materially  altered. 
Even  in  the  Table  of  azimuths  and  amplitudes  greater  accuracy 
than  one  degree  muft  not  be  looked  for ;  and  in  (hip-bearings 
two  or  even  three  degrees  is  not,  I  believe,  too  great  an 
allowance  for  error,  unlefs  in  very  favourable  circumdances. 

Without  attending  to  fmall  differences,  it  is  evident  tliat  the 
bearings  correfpond  vvith  the  obfervation  in  requiring  a  left 
ead  variation  to  be  applied  when  the  (hip's  head  was  eaderly, 
and  a  greater  when  it  was  to  the  wedward,  in  order  to  get  at 
the  true  direction  of  the  objedt  *•    When  examining  the  north 

and 


*  As  a  fpecimen  of  the  plan  I  followed  in  protracting  fucb  bearr 
tngs  as  the  above,  take  the  fet  of  April  15,  AM,  when  the  true 
variation  appears  to  have  been  4*  £.  On  the  iirll  bearing  the  (hip*8 
bead  was  fix  points  on  one  fide  of  the  meridian,  and  on  the  fecond 
It  was  three  points  on  the  other  fide,  the  mean  is  one  point  and  an 
half  on  the  cad  (ide ;  now  for  this  ciue  point  and  an  half  I  alUw 
1*  of  error,  which,  as  it  is  on  the  ead  (ide  of  the  meridian,  and 
the  variation  is  eafterly,  mud  be  fubtrafted :  the  variation  then  to 
be  allowed  upon  the  mean  between  the  bearings  before  and  after 
tacking  will  be  3**  E^  from  which  the  tnie  bearings  will  ttand  as 
follows  I 

April 


mrrsREVCBs  in  thb  magnetic  itiidli;  |05 

end  eaft  coafts  of  New  Holland^  I  always  endeavoured  to  take 
the  angles  on  (bore  with  a  Troughton's  portable  theodolite, 
and  to  obferve  for  the  variation  in  the  fame  places^  that  all  the 
errors  might  be  done  awaj  or  correded ;  and  as  I  was  fre- 
quently forlunate  enough  to  carry  on  my  furveys  in  this  manner 
for  weeks  together,  in  (lances  that  might  corroborate  or  contra- 
did  the  preceding  remarks  are  neither  very  numerous  or  pointed ; 
the  following  are  the  moft  remarkable : 


April  15th,  AM7  n  weftem  part  .        .        N  15*  E 

n*"  5(yi  A  peaked  bummock       -        -    N  20    E 

-^       Furtheft  extreme  from  deck    •        S  54    £ 

—         Centre  of  a  naked  fandy  patch  -    £  0^   S. 

In  the  fiune  manner  upon  (Ingle  iets  of  bearings  I  was  obliged  to 
allow  a  variation  different  from  what  I  fnppofed  the  true  to  be,  unlefr 
the  ihip*s  head  was  n^ly  north  or  footh :  but,  that  I  might  pro- 
ceed as  little  upon  conje^ure  as  poifible,  I  always  etideavourtd  to 
get  oblervationt  for  the  variation  when  the  lhip*s  head  was  in  the 
iame  direction  as  when  I  had  taken  or  wiihed  to  take  a  pardcolar 
fet  of  bearings,  and  I  then  allowed  that  variation  exadlyy  what- 
ever it  was.  The  perplexity  ariiing  from  diAgrcemcnts  in  bearings 
was  by  the(e  means  much  alleviated,  and  happy  agreemeBts  were 
frequently  produced,  when,  without  fuch  correftions,  there  was 
nothing  but  difcord. 
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In  the  latter  of  thefe  obfervBlions,  the  differences  ari(iii|^ 
from  a  change  in  the  direction  of-  the  fliip's  head  is  lefs  ebnfi- 
derable  than  in  the  higher  latitudes ;  indeed,  on  approaching 
the  line  of  no  variation  upon  the  fouth  coaft^  the  differences  in 
the  variation  Were  fmaller  than  before  and  afterwards;  but 
that  thefe  differences  ftiall  be  greater  in  a  large  variation  and 
fmaller  in  a  lef^,  both  places  being  equally  didant  from  the 
nagnetic  polci  I  will  not  venture  to  atlcrt.    The  inferences  Gencnl  infe- 
thai  I  think  may  be  fafely  drawn  from  the  above  o^^^'^a^Jons  ^^Ji  J,,*** 
are  as  follows :  1  ff.  That  there  was  a  difference  in  the  diredron  found  to  deviaM 
of  the  magnetic  needle  on  board  the  Inveftigator  when  the  !u?*jS'?*J24 
fhip's  head  pointed  to  the  eaff,  and  when  it  was  dired^ed  weff-  wasetfterjy  or 
ward.     2d.  That  this  difference  was  eafferly  when  the  fljip's  ''e^lyi  the 
head  was  pofnted  to  the  weff,  and  wefferly  when  it  was  eaft.  fwther  from  die 
5d.  That  when  the  ftiip's  head  was  north  or  fouth  the  needle  *^^ '•«'**  *J* 
took  the  fame  dire6Hon  or  nearly  fo  that  it  would  on  (bore ;  and  Aviation  %it 
Ihewed  a  variation  from  the  true  meridian,  which  was  nearly  pi«p<«tMiid  to 
the  medium  between  what  it  fhowed  when  eaft  and  when  weft.  [^^  hlSl^nf 
4th.  That  the  error  in  variation  was  nearly  proportionate  to  the  N.  orS- 
thie  number  of  points  which  the  ftiip's  head  was  from  the  north 
or  fouth.    Conftant  employment  upon  practice  has  not  alFowed 
me  to  become  much  acquainted  with  theories,  bat  the  little 
information  I  have  upon  the  fubjed  of  magnetifm  has  led  me 
to  form  fome  notion  concerning  the  caufe  of  thefe  differences, 
and  although  mod  probably  vague  and  unfeientific,  I  truft  for 
the  candour  of  the  learned  in  fubmilting  it,  as  well  as  the 
inferences  above  drawn,  to  their  judgment. 

}ff.  I  fuppofe  the  attractive  power  of  the  different  bodies  in  Theory  pro- 
a  fliip,  which  are  capable  of  affedling  the  corapafs,  to  be  col-  ^j  ^'^  jronT 
ledled  into  fomething  like  a  focal  point  or  center  of  gravity,  the  fliipaas 
and  that  this  point  is  nearly  in  the  center  of  the  ffiip  where  the  *»^on««»»gn«tr 
ftiot  are  depo&ted,  for  here  the  greateft  quantity  of  iron  is  col- 
le^ed  together. 

2d,  I   fuppofe   this   point   to    be  endued   with   the   fame  hating « diffc- 
kind  of  aliradlion    as   the   pole  of  the   hemifphere   where  ^j^^fy'^^J 'h'^ 
the   (hip  is ;  confequently,  in  New  Holland  the  fouth  end  Aip  is  near  the 
of  the  needle  would  be  altraded  by  it  and  the  north  end  J^'/^'^^;  P^'^'^l ""^ 
repelled.  roagnetirm. 

3d.  1  hat  the  attractive  power  of  this  point  is  fufficiently 

ftrong  in  a  (hip  of  war  to  interfere  with  the  a6tion  of  the 

3  magnetic 
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magnetic  poles  upon  a  compaTs  placed  upon  or  in  the  bin* 
nacle. 

If  thefe  fuppofi lions  are  coniiftent  with  the  laws  of  mag* 

netifin,  eflabliflied  by  experiments,   I  judge  that  they  will 

account  for  all  the  differences  above  noticed ;  for  the  interfe* 

rence  will  neceflarily  be  mod  perceptible  opon  a  compafs 

when  the  altradive  point  is  at  right  angles  to  the  magnetic 

neridian,  that  is»  when  the  (bip's  bead  is  eaft  or  wefi»  and  will 

altogether  vani(h  or  become  imperceptible  when  the  attradive 

point  and  meridian  coincide,  or  when  the  Qiip's  head  is  north 

InAreaeet  from  or  (buth.     That  the  power  of  this  point  (bould  become  lefs  as 

^laft  fappcfi*  ijjg  jj^jp  increafes  her  diftance  from  the  magnetic  pole  has  not 

indeed  entered  into  my  fuppo(itions ;  but  it  may  probably  be 

true,  and  is  indeed  alrooft  a  neceflary  confequence  of  the 

Aacthctffedt  fecond  fuppofi ti on.     If  the  above  hypothefis,  fo  to  call  it,  be 

***!!;?  *"!•  ■    true,  it  mufl  follow,  that  the  diflfetences  in  the  variation  of  the 

tioaiAoorch      magnetic  needle,  arifing  from  a  change  in  the  (hip's  head, 

mitttde*  ought  to  be  dire^ly  contrary  to  thofe  before  recited,  when  the 

(liip  is  on  the  north  (ide  of  the  magnetic  equator,  for  the 

north   point  of  the  needle  (bould  then  be  attracted,  and 

the  fouth  end  repelled.    I  have  no  obfervations  which  are  very 

decilive  opon  this  head,  but  thofe  that  were  taken  on  board 

the  Inveftigator  fcem  to  befpeak  that  as  it  is  fo ;  they  are  aa 

follow. 
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Thefe  obfervationSf  particularly  thofe  of  July  28,  feem  to  , 
be  decifive  id  (bowing  that  the  variation  is  more  wefterly 
when  taken  upon  the  binnacle  of  a  (hip  whofe  head  is  weft* 
ward  in  north  latitude,  than  when  obferved  in  the  center  of 
the  (hip»  which  is  a  llrong  confirmation  of  the  fuppolitioDS 
before  given ;  but  the  obfervations  on  the  change  of  the  (hip^s 
bead  are  too  few  to  be  fatisfadlory.  Aimoft  every  fea  officer 
can  tell  whether  he  has  obferved  the  variation  of  the  compafs 
to  be  greater  when  going  down  the  Englifli  Channel  thui 
when  coming  up  it :  and  indeed  it  would  be  very  eafy  for  s 
(hip  lying  in  harbour  to  afcertain  the  point  beyond  controverfy« 
Xnnarkstnd      Should  this  point  be  well  e(labli(hcd,  I  think  it  would  follow^ 

2e  2m6°£#!"  ^^*^  ^^^  *  ^*K^  ^'^"^^  latitude  where  the  differences  are  great 
on  one  fide,  they  are  moft  likely  to  decreafe  gradually  to  tbe 
equator,  and  to  increale  in  the  fame  way  to  a  high  north  lati- 
tude, where  they  are  great  on  the  other  tide ;  thus  the  fmaller 
differences  on  the  north  coad  of  New  Holland  will  be  accounted 
for.    I  (hall  leave  it  to  the  learned  on  the  fubjedlof  magnetifm 
to  compare  the  obfervations  here  given  with  thofe  mad^  by 
others  in  different  parts  of  the  earth,  and  to  form  from  Ihem 
an  hypoihe(i»  that  may  embrace  the  whole  of  the  phenomenms 
the  opinion  I  have  ver.tured  to  offer  is  merely  (he  vague  con* 
jedure  of  one  who  does  not  profefs  to  underfiand  the  fnbjeA* 
Inibnces  of  the  Some  account  of  the  magnetifm  of  Pier  Head,  upon  tbe  eaft 
^ad  b^"l^   |Coaft  of  New  Holland,  may  not  perhaps  be  thought  an  unap- 
magcetiihi.         propriatc  conclufion  (o  this  Paper.    I  was  induced  to  attend  to 
this  from  the  following  paffage  in  Hawkesworth,  Vol,  III* 
p.  126.     •'  At  faii-nle  I  went  afliorc,"  fays  Captain  Cook» 
Pier  Head.         •*  and  climbing  a  confiderable  hill,"  Pier  Head,  '•  I  took  t 
view  of  the  coad  and  the  illands  that  lie  off  it,  with  (heir 
bearings  having  an  azimuth  compafs  with  me  for  that  porpofe; 
but  I  obferved  that  the  needle  differed  very  conltderably  in 
its  poiilion,  even  to  thirty  degrees,  in  fo.ue  places  more,  in 
others  lefs;  and  once   I  found    it  differ   from  ilfelf  no  lefs 
than  two  points  in  the  difiunce  of  fourteen  feet*.     I  took  up 

fome 

Lotel  deviation       ^  In  a  tct  of  angles  token  near  the  head  of  Arnhem  north  bayi 

of  die  compaCi    en  the  wc(t  fide  of  the  gulph  of  Carpentaria,  1  found  the  needle 

^     *     of  the  theodolite  had  been  drawn  50**   from  its-  proper  direction* 

The  (hore  conlifted  of  grains  of  irou  ore  caked  into  a  ftony  mafs  | 

and  a  piece  of  it,  when  applied  to  the  needle^  drew  it  fix  or  eight 

degrees 
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LetUrfrom  Mr,  Robert  Harrup,  Jheuing  Uiai  the  Smui  in 
Wheat  exifts  in  the  Seed,  and  is  greatly  remedied  hy  Lime 
fteeping. 

To,  Mr.  NICHOLSON, 
SIR,  Chobhofn,  January  1,  ISOd. 

l^ITTLE  converfant  in  agricultural  afrair.«,  I  am  yet  (o 
learn  what  enquiries  have  been  made  into  the  nature  and 
caufes  of  the  difeafes  of  grain. 

If  the  following  communication  on  (he  difcafe  of  wheat, 
koown  by  the  name  of  f/nut,  contains  any  thing  new,  or  may         "J 
lead  to  farther  inveHigation ;    an  early  infertion  of  it  will  .     .« 

greatly  oUige, 

Sir, 

Your  obedient  humble  Servant, 

^  R.  HARRUP. 

DiflTereffit  caufes  have  been  afligned  for  the  produdlion  of  Cauf2s  ufnallf 
fnat ;  Tome  fuppofing  it  to  arife  from  too  great  an  abundance '^^^ 
of  Water  (hootNy  othetji  from  intemperate  feafons. 

A  writer  in  a  refpeflable  publication  (Irenuoufly  contends 
in  favour  of  the  latter  opinion.  .  ^-r  ■>•.  0/ 

He  informs  us,    that  brine,   picklingy    liming,   change  oflotempenft 
feed,  and  feed  of  one  year  old,  and  upwards,  avail  notbinK.  T'*^'J^*'!i?  " 
In  cold  wet  fummers,  fays  he,  the  fmut  prevails  notwithOand-  thv  xcAwmti  ' 
ihg  the  ufe  of  every  means  which  invention  hath  urged  or  *><>^^»"?*  *^ 

ingenuity  pradiced.  After  a  number  of  oblervations,  he'  • 
continue!),  "  'o  fum  up  the  whole  of  this  matter,  it  feeins  as 
certain  as  demonflralion  can  render  it,  that  the  fiuul  is  not 
owing  to  any  defecl  or  imperfedlion  m  the  feed,  but  entirely 
to  foro^  corrupt-creating  principle  in  the  almolphere,  in  the 
blowing  feafon,  which  blights  and  deftroys  the  grain  iii  fome 
(hape  or  other,  according  to  the  time  it  has  been  hln.ving, 
when  it  is  ftrnck  with  the  blight." 

On  the  contrary,  it  would  appear  fron:  the  accounts  of  ihofe  praaicalmea 
who  have   the   moft  frequent   opporlanines   of    making  ob-  »f*»*''>  a'5«^ 

r  1      X       .  •  r  r    .  .       .  .         r        1    It  tO  the  fccd, 

lervationsy  that  the  primary  caule  of  Imul  is  in  tiie  teed. 
AU  the  farmers  I  have  converfed  with  on  the  fubject,  are 

deadedly 


i 
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decidedly  of  opinion,  that  fmut  in  the  feed  will  produce  Cnut  ' 
and  afe  preptrt-  in  the  crop,  unlefs  certain  means  are  ufed  to  prevent  it.    With 
ttooi*  this  intention  I  have  fome where  feen  a  variety  of  preparation^ 

recommended,  in  fome  of  which  arfenic  was  one  of  the  in- 
gredients.    The  farmers  in  this  neighbourhood  prepare  their 
feed  wheat  in  one  or  other  of  the  following  methods. 
Steeping  in  Formerly  the  wheat  was  immerfed   about  twelve  hours  in 

brine .  ^  ftrong  folution  of  common  fait  in  water,  and  afterwarda 

dried  by  mixing  it  with   a  fufficient  quantity  of  lime  newly- 
flaked, 
iiettuigy  Of  late  years,  in  place  of  immerGng  it»  (hey  pour  a  qoantitj 

of  (he  fatine  folution  over  it  on  the  floor,  and  after  mixing  the 
whole  well  together,  dry  it  with  lime  as  before. 

or  treatment  Another  method  whiph  is  now  pretty  generally  i^opted,  ii' 

with  lime  water  ^^^^  .^      j^j^j^^^  ^^j^  j^  ^^^^^ 

ODljc 

A  quantity  of  boiling  water  is  poured  upon  quick  lime, : 
and  kept  conflantly  (lirred  till  the  lime  is  reduced  to  powder^ 
when  it  is  immediately  mixed  with  the  grain.  No  great  ac- 
curacy is  ufed  in  afcertaining  the  proportions ;  five  or  fix 
pcmnds  of  lime,  and  three  gallons  of  boiling  water  are  about 
fufHcient  to  prepare  five  buQiels  of  wheat.  In  reafonini^ 
a  priori,  one  would  be  apt  to  fuppofe,  that  the  vegetative 
powers  of  the  grain  would  be  materially  injured  bj  this 
boiling  fompofition,  but  experience  proves  the  contrary. 
Etperimfnt.  Amidfl  this  diverfity  oF  opinion  on  the  caufe  of  fmut,   I . 

S^fo"!^*^'"  v^iflied  to  afcenain  the  truth,  if  poffible,  by  experiment, 
fmqtty  wl»*;at  Accordingly,  fo  early  as  December  1798,  I  mixed  intimately 
iTtf  TlJi  '  ^^^^^^^  equal  meafures  of  found  wheat  and  grains  coniiftini; 
fteeped  in  brine  entirely  of  fniut.  The  heap  was  then  divided  into  two  equail 
fortwelyehouij,  pg^i-jj,.  q^q  ^jf  ^^^^  ^.3,  p^^  j^j^  ^  faturated  folution  of  fait 
mnd  half  lef c  an- f  .  ,       ,         *  ,     ,  •••,••»    v 

prepared.  *"  water  for  twelve  hours,  and  then  mixed  with  quick  lime. 

The  other  part  was  fubje^ed  to  no  preparation  whatever* 
Five  or  fix  days  afterwards  they  were  both  planted  in  drilU  oo 
Both  parcels  ^  fouth  border,  about  nine  or  tei^  yards  apart.  Both  parceli 
were  planted,  came  up  about  (he  fame  lime,  and  while  in  blade,  nodifler- 
cncc  could  be  perceived.  While  the  ear  was  yet  inveloped 
by  the  blade,  I  cautioufly  opened  feveral  of  both  crops  «d() 
in  fome  of  that  which  had  undergone  no  preparation,  aeon* 
jiderable  difference  was  obfervable.  Some  of  the  embriQ 
grains  were  opened,  and  in  place  of  a  milky  juice,  they  coiw 

(ained  only  a  Imall  Quantity  of  a  whitifh  fubfiance,  in  wbicb^ 
-  .  by 


SllVT   IK    WUBAT.  ]  |^ 

\j  Ibe  help  of  t  oommon  m^gpideTf  I  coold  readily  di&The unprepared 
liiipiiih  from  ont,  to  three  or  four  black  fpecks  in  each  ^  ^^  ^ 
WJkii  robbed  between  the  fingers,  a  hiini  Imell  of  fmut  was  dua. 
emitted.     7'he  ears  which  were  examined^  and  had  this  ap- 
fearance  were  marked,  and  after wardx  proved  to  be  fmut. 
When  the  crops  came  oat  in  ear,  it  wa^  eafy  to  didinguifli  Smat  eafilf 
liie  fmut  from  the  wheal.     At  iht-  time  of  blowing  no  blolfom  ^»ftin««"k«>' 
whatever  appeared  on  the  fmut  ears,  and  the  weather  proving 
tempcflaous  at  that  time,  the  bloflbm  wa'i  frequently  waflied 
off  the  wheat  ears  by  heafy  fhowers,  and  as  otten  renewed. 

Both  pieces  were  cat  at  the  ufoal  time,  and  upon  a  careful  Tbtfnpmtd 
txamioations  thai  tchich  had  been  fuhje&ed  to  no  pr^parationff^^^^'^ 
amfifbtd  tf  Jteaxly  tivo»thirds  of  finut  cars,  the  remainder  being  fj^  uArtpJrtd 
tolerabhf  goad  nheat.     In  tliat  which  had  been  prepared,  not  afi^J'^^^bF'''* 
fingU  jlnai'baU  could  be  found. 

An  accidental  occurrence  may  I)e  mentioned  in  corrobora-  An  acdden^ 
lion  of  thi*  experiment.     Happening  to  pafs  through  a  imall  ^u"h(n^tcon» 
Held  of  wheat  jaft  before  the  commencement  of  the  harvefly  fined  to  a  part  of 
I  was  Icnick  with  the  unufual  (juanlity  of  fmut  in  one  part  t^^^jjl!^ 
of  it.     On  ciofe  examination,  I  tound  that  this  extraordinary  with  unprepvcd 
crop  of  tmu!  ended  abruptly  in  a  line  along  one  of  the  furrows^  ^'^' 
The  other  parts  of  the  field  had  much  the  faipe  appearance  of 
others   in   the    neighbourhood;    a  few  fmut  ears  fcattered 
throogb  it.     Upon  enquiry  I  found,  that  the  feed  with  which 
thi^  field  had  been  town,  running  tliort,  the  piece  lb  abundant 
in  fmut  had  been  fown  in  feed  which  contained  a  confiderable 
qoantity  of  fmut,  and  liad   undergone  no  preparation,  only 
fprinkling   it   with    a  little  fluked  lime  immediately  before 
towing. 

The  difeafe  of  fmut  is  entirely  confined  to  the  grain.     The  Smat  aSedt 
iiraw  and  every  oiher  part  of  the  plant  is  found,-  and  arrives       *^"  ^'^^* 
at  the  natural  fize.     Smut  ears  are  flaring,  and  of  a  dirty  Defcriptioa  of 
wliitidi  colour,  indinmg  to  blue,  at  the  iiroe  when  healthy     ^  "^ 
ears  are  of  a  bright  yellow.     Their  odour  h  fcctid,  and  not 
inaptly  compared  to  thai  of  Hale  lobfiers.     Part  of  an  ear  in 
not  unfrequently  found  to  contain  fmul^  while  the  other  parts 
are  filled  with  found  wheat. 

Difeafed  grains  have  more  the  globular  form  than  thofe  of 
(bond  wheat,  which  is  perhaps  the  reafon  wliy  they  are  called 
fmut- balls.     The  ikin  is  (hrivelled  and  of  a  dirty  brownifli- 

hue 


"■1 

ha4,  witkMit  inj  perforations  whicb  cm  be  iikxmemi  b]^ 

m  high  magnifyiog  power.    The  whole  of  their  conlenttk  is 
m  recent  Aate,  are  a  blacki(h  fofl  fubfiance  with  a  few  (hmuig 
fpeckc,  which  difappear  when  dried. 
Jhc  ^oft  <>f  When  kept  fome  time  in  a  dry  place,  thia  foft  fubfiance  ie 

glabulesy  '*^  ^^^  ^^^^  ^^  *  ^^^  ^^^  ^^  powder,  of  a  dark  brown  colour 

when  fpread  out  on  glafs  or  talc.  The  roicrofcope  fhewv 
each  of  thefe  minute  particles  to  be  well  formed  globules^ 
fomewhat  larger  than  the  fanguineous. 

hetTier  thin  They  are  fpecifically  heavier  than  water  with  which  Ihcy 

readiiy  mix  but  foon  rubfides,  fufiering  no  change  by  being 
kept  in  that  fluid.  In  the  beginning,  of  September  laft,  I  iii« 
fu&d  fome  of  the  powder  in  water  in  a  watch-glafs.  A  few 
hour»  after  I  difcover^d  by  the  microfcope,  in  a  drop  of  the 

Inwhickthey     flm'^  ^  few  aniinalciila.     Upon  examination  next  day  every 

i^^  drop    of   the    liquor    contained    innumerable    animalculse^ 

generally  very  minute  but  fome  a  fize  larger.  After  flanding 
expofed  fome  days,  the  water  evaporated,  and  an  hour  or 
two-after  the  addition  of  freHi  water  every  part  fwarmed  witb 
.  animalculap,  moving  nimbly  in  all  directions.  While  viewing 
them  in  the  microfcope  they  fuddenly  became  motionlefs 
owing  to  the  evaporation  of  the  drop  of  liquid  ;  on  adding 
ft  drop  of  frefli  water,  they  infhmtly  revived  and  began  the 

%plij€h  ire  not     fame  lively  motion.     A  quantity  of  fait  fuflficient  to  faturate 
^y  ^^>     the  water  wa.^  then  added  to  the  mixture.     Upon  examination 
about  twenty  hours  afierward/i»  I  was  much  furprized  to  find' 
the  anjmalculae  as  numerous  and  lively  as  before  the  addition, 
of  the  fa!t. 

The  watch  glafs  with  its  contents,  afier  Handing  neglcdiedj, 
on  a  (helf  expofed  to  the  effluvia  of  a  variety  of  drugs,  till 
the  latter  end  ot  November,  was  agaia  filled  with  water, 
and  placed  near  a  tire,  placing  at  the  fame  time  by  it  a 
iimilar  glaf<,  containing  fmut  powder  and  frefb  water.  They 
were  both  frefjuently  examined  for  fome  days,  but  without 
difcovering  any  animalcuiae.  My  attention  being  called  off 
by  other  avocations  they  remained  unnoticed  about  eight 
days.  The  glafs  which  contained  the  infufion  with  firople 
wiater  was  quite  dry,  and  only  a  froall  quantity  of  fluid  re* 
nained  in  the  other.  A  drop  being  examined  in  the  micro** 
(cope  by  a  (ingle  lens  of  a  high  magnifying  power,  was  found 

to 
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tor  fwmna  with  animelcalar.  Both  glafles  were  now^  fitfed 
wvlii  £refli  waler^  and  placed  under  inverted  jars.  Being^ 
lined  two  day«  after,  each  of  them  fwarmed  with  lively 

list.     While  viewing  them,   a  finall  particle  of  lime  Ljmc  witer 
tw  added  to  the  drop,  which  proved  infioiiily  faiai,  ^JlikS'ft^ 


leail  all  moliun  ceaCcd  inflantaneoufly^  and  wa$  not  re*iinu 


t. 


Amon^  other  inferences  which  may  be  drawn  from  the'^^"^- 
preceding  fad.";  and  obfervations,  are  fixii^  thai  the  caufe  ^^hyk^UxA, 
fmot  u  in  the  feed*  and  that  fmut  produces  fmut  in  the  crop,  ^d  lime  water 
At  the  Cune  time  it  is  readily  admitted^  that  certain  feafons  ^*^^^  *^ 
mre  more  favourable  to  fmut  than  others^  which  can  only  be* 
conGdered  as  a  fecondary  caufe.     2.  That  lime  ufcd  in  the 
manner  above  mentioned^  prevents  fmut»  if  not  entirely,  at 
leaft  fo  far  a<  not  to  prove  injurious. 

Jk  fmut  occafioned  by  animalculce  ?  Some  of  the  foregoing 
h€L%  feem  drongiy  to  favour  the  idea  *, 


V. 

Om  ike  Dijhftery  nf  Palladium  ;  with  Ohfirvatinns  on  other  Sub'* 
Jkiwees  found  zsith  Platina.     By  William  Hydb  Wol- 
LASTONy  Af,  D.  Sec.  R,  S  f. 

JtIaVING  fome  time  fince  purified  a  large  quantity  of  platina  Thf  prineipi! 
by  precipitation,  I  have  had  an  opportunity  of  obterving  various  p^fent  memoir 
circumfiances  in  the  folution  of  this  fingular  mineral,  that  have  »  palladium. 
not  been  noticed  by  others,  and  which.  I  tiiinlc,  cannot  fail  to 
be  tnterefiing  to  thi^  Society. 

*  Mr.  Nicholfon  will  rtjidily  perceive  that  the  fubjedt  is  not 
uesr  exhauHed.  IC  future  in vc {ligation  fliould  prefent  any  thing 
wonhy  of  communication  on  the  lubjeft^  fliould  Mr.  N.  deem 
fuch  defcrving  a  place  in  the  Philofophlcal  Journal,  he  has  only 
to  mention  it  in  a  marginal  line. 

AnfwfT,  The  difeafes  of  corn  form  a  fuhje^V  of  fuch  h-gh  im- 
ponancc,  whether  confidered  in  an  economical  or  fcieniific  point 
of  view,  that  I  muft  confider  it  a  duty  to  pay  the  moll  marked 
attention  to  whatever  may  tend  to  elucidate  it. — N. 

t  Phiiof.  Tranf.  1805,  p.  3W5. 

As 
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As  I  have  miready  gi%'en  mn  accoant  *  of  one  proddfi:  ob» 
tained  from  that  ore,  which  I  confidered  as  a  new  metallic 
fdb(hince»  and  denominated  Rhodium^  I  (ball  on  (he  prefent 
occadon  confine  royfelf  principally  to  thofe  proceflTes  by  which 
I  originally  detedled,  and  fubfequently  obtained  another  metalg 
to  which  I  gave  the  name  of  Palladium^  from  the  planet 
that  had  been  difcovered  nearly  at  the  fame  time  by  £^« 
Gibers. 

In  the  courfe  of  my  inquiries  I  have  alfo  examined  the 
nmny  impurities  that  are  ufually  mixed  with  the  grains  of 
platioa,  but  I  (hall  not  think  it  neceflary  to  defcribe  minutely 
fsbftances  which  have  already  been  fully  examined  by  others, 

§  I.     Ore  ff  Iridium, 

Ore  of  iridioiD,      I  mufl  however  notice  one  ore,  that  I  find  accompanies  (be 

«^**^****5"^preof  platina,  but  has  paffed  unobferved  from  its  great  re-p 

infolubfe  in        femblance  to  the  grains  of  platioa^  and  on  that  account  it 

aitro-mumtic    fcarcely  to  be  diftinguiihed  or  feparated  from  them,  excepting 

. '  by  folution  of  the  platina ;  for  the  grains  of  which  I  fpeak 

are  wholly  infoluble  in  nitirrumuriatic  acid.     When  tried  by 

^m^\^h]c^^'  the  file,  they  are  harder  than  the  grains  of  platina ;  und'er  Uie 

and  peculiar  in   hammer  they  are  not  in  the  leafl  degree  malleable;  and  in  the 

their  fridurc  :   ftg^m-e  they  appear  to  confid  of  laminae  potfefling  a  peculiar 

luflre ;  fo  that  although  the  grenter  number  of  them  cannot, 

as  I  have  before  obferved,  be  diflinguifhed  from  (he  grains. 

of  platina*  the  laminated  Aru6!ure  fometimes  occafions  an  ex« 

temal  form  by  ^hich  they  may  be  detcflcd.     With  a  viewr 

to  be  abfoluteiy  certaiir  that  there  exift  grains  in  a  natural 

Aate,  which   have  not  been  detached   bv  folution  from  the 

fubftance  of  the  grains  of  platinay  I  have  feparatad  from  the 

mixed  ore  as  many  as  enabled  me  to  afcertain  their  general 

compofitfon. 

sMch  heavier         Their  mod  remarkable  qualify  Is  their  great  fpecific  gravity, 

iKaa  thesraina   ^|,j^,|,  j  i^^ve  found  to  be  as  much  as  19,6,  while  that  of  the 

crude  grains  of  platina  has  not,  in  any  experiment  that  I  have 

made,  exceeded  17,7.  From  ihiscircumftance  it  might  naturally 

be  conjedlured  that  they  contain  a  greater  quantity  of  platina 

of  which  metal  (hen  (he  grains  in  general ;  by  analylis^  however,  they  do  not 

Aq^coBtaia      appear  (a  me  to  contain  the  fmalleft  quantity  of  that  metal^  but 

•  See  our  Journal,  IV.  107. 

to 
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l»  be  an  ore  confiftinjir  entirely  of  the  metalt  that  were  found 
hf  Mr.  Tennant  in  the  black  powder  which  11  extricated  by 
falniion  from  the  (grains  of  platina,  and  which  he  has  called 
Indinm  and  Olimium.  But»  (ince  the  fpecific  gravity 4)f  tiieia 
fjrains  fo  much  exceeds  thai  of  the  powder,,  which  by  my  ex« 
pertments  ha<  appeared  to  be,  at  the  utmofl,  14,2.  I  have 
thou|;ht  it  might  dcferve  inquiry  whether  thetr  chemical 
(aofspofition  is  in  any  refped  difierent.  For  this  purpofe  I 
have  feleded  a  portion  of  therot  and  have  requefted  Mr. 
Tennant  to  undertake  a  comparative  examination,  from  whofe 
veH  known  ikill  in  chemical  inquiries,  as  well  as  peculiar 
knowledge  of  the  fubjed,  we  have  every  reafon  to  exped 
a  complete  anal}  iis  of  this  ore, 

5  II.     Htfacinihs^ 

Among  tbofe  bodies  which  may  be  feparated  from  the  ore  Vety  fmll  hj% 
of  platina,  in  confequence  of  their  lefs  fpecific  gravity,  by  a  **™*  ^*??*i^ 
currenl  of  water  or  of  air,  there  may  be  difcerned  a  fmall  ^nt  pains ; 
proportion  of  red  crydals  fo  mini>(e,  that  100  of  the  largeA  1 
could  collefl  weighed  fcarcely  f^  of  a  grain.     The  quantity 
which  I  potfef^^is  confequently  too  Imall  for  chemical  analyfis; 
hat  their  phyfical  properties  are  fuch  as  correipond  in  every  • 

refped  with  thofe  of  the  hyacinth.  I  was  fir/l  led  to  compare 
Ibera  with  that  (lone  by  their  fpecific  gravity,  which  1  con- 
jedored  to  be  conGderable  from  their  accompanying  other 
fifbftances,  that  appear  lo  have  been  collected  togetiier  folely 
by  reafon  of  their  fuperior  weight. 

Likr  the  hyacinth,  ihefe  crydals  lofe  (heir  colour  imme. 
diaiely  and  entirely  when  heated  ;  they  alfo  agree  with  it  in 
their  hardnefs  which  is  barely  fuSicient  to  fcratch  quartz,  but 
i$  decidedly  inferior  to  that  of  the  topaz. 

The  principal  varieties  of  their  form  may  be  very  well  on- 
derHood  by  defcription. 

1(1.  In  \u  moft  (irople  (late  the  crydal  may  beconfideredVarietlMof 
»  a  reaangular  prifm  terminated  by  a  quadrilateral  oblufe"^'*«"» 
pyramid,  the  fides  of  which  foroetimcs  arife  dire^  from  the. 
fides  of  the  prifm  ;  but, 

2dly.  The  pofition  of  the  pyramid  is  generally  furh  (hat  its 
fides  arife  from  the  angles  of  the  prifm.  In  this  cafe  the  fides 
v\  thf'  prifm  are  hexagons. 

3dly.  It 
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'  9d\j,  It  15  more  Qfoal  for  1h6  prifm  io  httte  eight  Mcb* 
by  truncaeion  of  each  of  its  an^^les,  and  at  eaeh  extrenitj 
eight  additional  fitrfaces  occupying  the  place  of  the  eight 
linear  angles  between  the  prifm  and  terminating  pyramid  of 
the  fecond  variety.  The  complete  cryftal  has  then  thirty-two 
fidof, 

4lh1y.  The  eight  fariaces  lad  mentioned,   as  interpofed 

between  the  prifm  and  pyramid,  are  fometimes  elongated  iiit» 

a  complete  acute  pyramid  having  eight  iides  arifing  from  the 

anglfs  of  an  odahedral  prifm • 

irittch  prove  the  The  third  form  above  defcribed«  correfponds  fo  entirely  with 
Mtture  of  the      ^y^^  ^^^  ^^  11,^  ^j^  jj^^^  •  ^  ^^  ^f  jhe  forms  of  the 

hyacinth  or  jargon,  that  I  have  little  reafon  to  regret  my  inabi- 
lity to  obtain  chemical  evidence  of  the  coropoiition  of  thefe 
cry(}al.<. 

Thofe,  and  other  impurities,  I  ofually  feparated,  as  far  as 
was  pradicable,  by  mechanical  means,  previoufly  to  forming 
the  folution  of  platina,  which  has  been  the  principal  objed 
of  my  attention. 

J  IIL    Precipitation  of  FUaina. 

Account  of  the  When  a  confiderable  quantity  of  the  ore  has  been  dif* 
tfeatmentof  pU.  folved,  and  I  had  obtained,  in  the  form  of  a  yellow  triple 
HrftpRcipiution  ^^^^  ^  much  of  the  platina  as  could  be  precipitated  by  fal 
of  it  by  fal  am-  ammoniac,  clean  bars  of  iron  were  next  iromerfed  in  the  fb* 

ther*portion^wts  ''**«^"  ^^  ^^^  purpofe  of  precipitating  the  remainder  of  the 

thrown  down  by  platina. 

!!?'  •      11.J         ^^^  diftindion  it  will  be  convenient  to  call  this,  which 

Thii  IS  called  r  n      r 

the  firft  meuUic  ^n  fa£l  confifts  of  various  metah,  the  firfl  metallic  precipitate. 

precipitate,  and      f  |j^  treatment  of  this  precipitate  ditfered  in  no  refped  from 

was  asttii  all-  .   . 

fiilvedasthcftrft^^t  ^^  ^^^  original  ore.     It  was  diflblved  as  before,  and  a 

orehadbeent  portion  of  platina  precipitated  by  fal  ammoniac;  but  it  was 
pitated  by  ftl  *  obfervable  that  the  precipitate  now  obtained  was  not  of  fo  pale 
a  yellow  as  the  preceding.  Ncverthelefs  the  impurity  was  in 
fo  fmall  quantity,  that  the  platina  reduced  from  it  by  heat  did 
not  differ  difcernibly  from  that  obtained  from  the  purefl  yellow 
precipitate. 

♦  Trmte  di  Mitiemlogiet  PI.  XLI.  6g.  17.  Jour/i.  des  Mma^ 
No.  26,  fig.  9. 

At 
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At  (his  time  I  found  it  advantageous  to  neutralize  the  fofution  The  tblndonvM 

wttb  foda,  and  to  employ  a  fofution  of  green  fulphate  of  iron  neutralised  ^nitk 

(or  the  precipitation  of  the  gold,  of  which,  I  believe^  a  portion  f^^p^ujlf 

nav  always  be  obtained  from  the  mixed  ore ;  but  I  have  ob-  caied  by  IbhitM 

ferved  in  experiments  upon  any  quantities  of  mere  grains  of  J^"^  "^"f* 

crude  platina  carefully  felefled,  that  (he  fmalletl  portion  of 

gold  could  not  be  detected  as  a  con(Htuent  part  of  the  ore 

ilfeir. 

Bar!«  of  iron  were  fubfequently  employed  as  before  for  A  fecond  me- 

rtcoverinjr    (he    plalina    that    remained   difTolved.    toijether  ^^''^ .P'^^P****^ 

.  *        »  waa  cfarown 

vrKh  ihofe  fubHances  which  I  have  fince  found  to  accoro- down  by  irao* 
pan)  it. 

The  precipitate  thus  obtained,  which  I  diHinguifh  by  the 
name  of  the  fecond  metallic  precipitate,  was  to  appearance  of 
a  blacker  colour  than  the  former,  and  was  a  finer  powder. 

A$  I  was  not  at  fird  prepared  to  expert  any  new  bodies,  I 
proceeded  to  treat  the  fecond  precipitate,  as  the  former^  by  fo- 
Jution  and  precipitation.  But  I  foon  obferved  appearances 
which  I  could  not  explain  by  fuppofition  of  theprefenceof  any 
known  bodies,  and  was  led  to  form  conjedures  of  future  difco- 
Terie«,  which  fubfcquent  inquiry  has  fully  confirmed* 

When  I  attempted  todiflolve  this  fecond  metallic  precipitate 'W*^"w*^ii 
in  nitro-mnriatic  acid,  I  was  furprtfed  to  find  that  a  part  of  ii  munadc  aS"*^ 
refided  the  adion  of  that  folvent,  notwithftanding  any  varia- 
tions  in   the   relative   proportions   or  Hrength   of  the  acids 
emplo)  eJ  to  form  i\w  compound,  and  although  the  whole  of  this 
powder  had  certainly  been  twice  completely  difTolved. 

The  Culution  formed  in  this  cafe  was  of  a  peculiarly  dark  This  foladoa 
colour,  and  when  I  endeavoured  to  precipitate  the  p'^tina  ]"|^ Z^*^  ^ J 
from  it  by  fa!  ammoniac,  the  precipitate  obtained  was  fmall  tation  by  &1  am« 
in  quantity,  and,  inftead  of  being   yellow,  was  of  a  deep "J**^" ^^ ^^ 
red  colour,  arifing  from  an  impurity  which  I  did  not  at  that  ^y  iridiua. 
time  undfrfland,  but  which  we  fince  know,  from  the  experi- 
R  eiit<i  of  Mr.  DefcoiiI«,  is  occafioned  by  the  metal  now  called 
iridium. 

T^e  fi»lu*lon,  inflead  of  being  rendered  pale  by  the  preci- Predpibtjoa of 
pitaiion  of  the  platina,  retained  its  dark  colour  in  confequence  ^m* 'p^jS^ 
of  the  other  metals  that  remained  in  folution  ;  but,  as  I  had  by  ixoo. 
not  then   learned   the  means  of  feparaling  them  from  each 
other,   and  as  the  quantity  of  fiuid  which  accumulated  occa- 
lioncd  me  fume  inconveniencei  I  decompofed  it  by  iron,  as 

iu 
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in  the  former  mftances^  and  formed  a  third  metallic  precipitate^ 
whidi  could  more  commodiouHy  be  refer ved  for  fabfequent 
examinaliou. 
Ifttdi  of  this  Iq  this  lad  ilep  I  committed  an  error  which  afterwards  occa- 
mtoiblyb!^  fioned  me  gooiiderable  difhculty,  for  I  found  thai  a  great  part 
of  this  precipitate  coniining  of  rhodium  was  unexpectedly  ren- 
dered infoiuble  by  this  treatment,  and  refembled  the  refiduum 
of  the  fecond  metallic  precipitate  abovementioned. 

Aft  I  have  already  communicated  to  this  fociety.  In  my  Paper 
upon  rhodium,  the  procefs  by  which  I  fubfequently  avoided 
this  difficulty^  I  Qiall  at  prefent  return  to  a  previous  Aage 
of  my  progrefs,  and  relate  the  means  by  which  I  firft  ob« 
tained  palladium  in  my  attempts  to  analyze  the  fecond  me-> 
taliic  precipitate. 

§  IV,     Separation  of  Palladium. 

Separation  of  There  was  no  difficulty  in  afcertaining  the  prefence  of  lead 

Ti!*1fe"**d  atone  of  the  ingredients  of  this  precipitate,  by  means  of  mu- 
tallic  precipitate  riatic  acid^  wtiich  diffulved  lead  and  iron  and  a  fmall  quantity 
coQUined  lead»  of  copper.  It  was  equally  eafy  to  obtain  a  larger  portion  of 
thermeul  pre-  copper  by  dilute  nitrous  acid»  with  which  it  formed  as  ufual  a 
vipitiUc  by  ci^  blue  foluiion.  But  wiicn  I  endeavoured  to  exirad  the  whole 
*^*'  of  the  copper  by  a  flronger  acid,  it  was  evident,  from  the  dark 

brown  colour  of  the  folation,  that  foroe  other  metallic  ingre- 
dient bad  alfo  been  dilfolved.  I  at  fird  afcribcd  this  colour 
to  iron ;  but,  when  1  confidcred  that  this  fubftance  had  been 
more  flowly  aded  upon  Uian  copper,  I  relinquiftied  that  hy- 
pothefi<,.and  endeavouring  to  precipitate  a  portion  of  it  by  a 
clean  plate  of  copper,  I  obtained  a  black  powder  adhering  to  a 
luc&ce  of  plalina  on  which  I  had  placed  the  folution.  A« 
this  precipitate  was  Iblubic  in  nitric  acid,  it  evidently  confided 
neither  of  gold  nor  platina ;  as  the  folution  in  that  acid  was  of 
a  red  colour,  the  metal  could  not  be  either  filver  or  mercury  ; 
and  as  the  prcci|>itation  of  it  by  copper  excluded  the  fuppod'' 
tion  of  a  I  other  known  metals,  I  had  reafon  to  fufpedt  the 
prefence  of  fome  new  body,  but  was  not  fully  fatisfied 
of  its  evidence  until  I  attempted  the  precipitation  of  it  by 
mercury. 
It  vat  iepicated     For  this  purpofe  I  agitated  a  fmall  quantity  of  mercury  in 

»y  agitating        i|ie  nitrous  folution  nrevioufly  warmed,  and  obfvrved  the  mer- 
mercury  with  '  '  /.  •  r  i  • 

ilKklutioawithcury  to  acquire  the  coniiitence  of  an  amalgam.    After  thiM 

^  amalgam 
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t^nalgam  had  been  expofed  to  a  red  beat«  there  remained  a  wl^ch  it  formed 

white  melal,  which  could  not  be  fufed  before  the  blowpipe.  It  S/Se  TO^iry 

j^ave   a  red  folution  as  before  in  nitrous  acid;  it  was  not  was  driven  ol  by 

precipitated  by  fal  ammoniac^  or  by  nitre;  but  by  pruffiate™^.  '''•»• 

of  potaili  it  gave  a  yellow  or  orange  precipitate;  and  in  the  . 

order  of  its  affinities  it  was  precipitated  by  mercury  but  not 

by  filver.  .^.^ 

Tliefe  are  the  properties  by  which  I  originally  di(lingui(hed 
palladium ;  and  by  the  afliHance  of  thefe  properties  I  obtained 
a  futficient  quantity  for  inveftigating  its  nature  more  fully. 

There  were,  bov\ever«  various  reafons  which  induced  me  to  The  proceft 
relincjuifli  the  original  procefs  of  folution  in  nitrous  acid  and  ^  ^^^^S^^ 
precipi'ation  by  mercury;  for  although  I  found  the  metal  thui 
obtained  to  be  nearly  pure,  the  neccflity  of  agitating  thefolu* 
tion  with  the  mercury  was  very  tedious,  and  the  wafie  wasalfo 
cuniiderable ;  for  in  the  tirA  place  it  feemed  that  nitrous  acid 
would  not  exlradl  all  the  palladium  from  any  quantity  of  the 
fecond  metallic  precipitate,  neither  would  mercury  reduce  the 
whole  of  what  was  fo  diifolved.  I  therefore  fubftituted  a 
procefs  dependent  on  another  of  its  propertieF*  I  had  obferved 
that  this  metal  differed  from  platina  in  not  being, precipitated 
from  nitro-muriatic  acid  by  nitre  or  by  other  falts  conlainin|r 
potaO) ;  for  although  a  trif>le  fait  is  thus  formed,  this  Halt  ig 
extremely  foluble,  while  that  of  platina  on  the  contrary  re- 
quires a  large  quantity  of  water  for  its  (olution.  On  that 
account  a  coie pound  mcnjlruum  confifting  of  nitrate  of  potafli 
djtfolved  in  muriatic  acid  is  unfit  for  the  folution  of  platina. 
but  diifolves  palladium  nearly  as  well  as  common  nltro>ma* 
riatic  ucid  in  which  there  is  no  pota{h  prefent  *. 

In  five  ounces  of  muriatic  acid  diluted  with  an  equal  qiiantity  and  a  folvent 

of  water,  I  dilfolved  one  ounce  of  nitre,  and  formed  a  folvenl  *     .^."8  **f, 

muriatic  acidf 
for  palladium  that  poflelfes  little  power  of  ading  on.  platina,  «ith  nitre  was 

fo  thai  by  di^etling  any  quantity  of  the  fecond  metallic  preci-  wfedto  thcfc- 

piiute  ti!i  there  appeared  to  be  no  farther  action,  I  procured  ^qq  from  wkickr 

a  folution  from  which  by  due  evaporation  were  formed  cry fiaIs.>^.^*l«*P*^* 

of  a  triple  i'd\t,  conlifimg  of  palladium  combined  with  muriatic  piiit'm^, 

acid  and   poiaOi.     Thefe  are  the  cry  fials  which  I  have  on  a  fj^^  folution 

•  I  have  foun^i  that  gold  may  aUb  be  diffolvcd  with  equal  facility  ^^jpie  fait  of  pal- 
by  the  fame  folvent,  and  nearly  in  the  fame  proportion.  Ten  grains  pkUadium  ^ocaib 
or  nitre  addt-d  to  a  proper  quantity  of  muriatic  acid  are  fufHcient  an^™"»*^*^ 

f  ja  iixtecn  graixvs  af  either  gotd  or  paUadium. 

former 
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former  occafion  *  mentionefd  as  exhibiting  a  very  (ingulaf 
coniraft  of  colours^  being  bright  green  when  feen  tranTcrfelyi^ 
but  red  in  tlie  dirc^ion  of  their  axil ;  the  general  afpe^^ 
however,  of  large  cryftals  is  dark  brown. 

From  the  fait  thus  formed  and  purified  by  a  fecond  cryf* 
tailization,  the  metal  may  be  precipitated  nearly  pure  by  iron 
or  by  zinc,  or  it  may  be  rendered  fo  by  fubl'equent  digeftkitt 
in  muriatic  acid. 

§  V»  Riufonsjbr  thinkiitg  Palladium  afi»npk  MetaL 
Th^fUM^nk  From  the  confjderation  of  this  fait  alone  I  thought  it  highljr 
tJimain^m  P^^^*^^«  ^*^a^  ^he  fubflance  combined  in  it  with  muriate  of 
potafh  was  a  fimple  metal,  fori  know  of  no  ir^ance  inchemifiry 
Its  fbrmins  a  pf  a  diftindljf  cn/fiallized  Jblt  covtaining  more  than  two  hajh 
tilUsed  Lk'wtth  combined  with  ont  add.  I  neverthelefs  endeavoured  by  a  fuit- 
baiiesandaa  able  courle  of  experiments  to  obviate  all  probable  ol>je€lion% 
*  After  examining  by  what  acids  it  might  be  diflfolved  and  by 

its  coinbmatioiii  yvh^l  reagents  it  might  be  precipitated,  I  combined  it  with 
wiOi  meuls  and  °     ,  »  ,       •  .-  ^         i.  in  -.u 

ft^ration  widk-  ^ariouA  nietah,   with   platina,   with   gold,   wiih  ulver,  with 

oat  change.       copper^  and  with  lead ;  and  when  I  had  recovered  it  from  itc 

alloys  fo  formed,  I  afcertained  that,  after  every  mode  of  trial 

it  flill  retained  its  charadleriflic  properties,  being  foluble  in 

nitrous  acid,  and  precipitable  from  thence  by  mercury,  by  green 

fulphate  of  iron,  by  muriate  of  tfn,  by  prudiate  of  poia(h»  by 

each  of  the  pure  alkalis,  and  hydrofulphurets. 

and  its  precipi*       The  precipitate  obtained  in  each  cafe  was  alfo  found  to  be 

21*^  Jj^"^'' reducible  by  mere  heat  to  a  white  metal,  that,  except  in  very 

fmall  quantities,  could  not  be  fufcd  alone  by  the  blowpipe,  but 


could  very  readily  be  fufed  with  fulphur,  with  arfenic,  or 

with   phofphorus,   and  in   all  other  relpe^s  rcfembled  the 

original  metal. 

<^.  Whedwr  it     The  only  hypothefis,  on  whidi  I  thought  it  poiTiblc  that  I 

ni^coniftor  ^ould  be  deceived,  arofe  from  ll.e  recolledlion  of  the  error. 


•dacid^  which  fubfitled  for  a  few  years,  refpc^ing  the  compound 

formerly  called  fiderlte.  It  was  poHible  tlial  forae  metallic  or 
other  fixed  acid  might  unite  too  intimately  with  cither  a  known 
or  an  unknown  metal  to  be  feparatcd  by  the  more  common 
fimple  affinities.  I  coiilequenily  made  fuch  attempts  as  ap- 
peared bed  calculated  to  difunite  a  compound  fo  condituted. 

•  Phil.  Trans.  1804,  p.  428. 

Having 


lt*Yin|(  baiied  the  oxide  with  pure  aikalis,  end  foand  it  to  be  The  oiide  it  not 
ttnelieml/l  ihoaght  tlie  affieiiies  of  lime  or  lead  aiight  bef;^^^'* 
moie  likely  to  dtieA  the  prefeoce  of  the  phoTphoric  or  of  any 
known  metallic  acid ;  and  aooordiogly  I  made  varibos  attempts 
by  muriate  and  nitnUe  of  lime,  at  iMl  at  by  nitrate  of  kmd,  lo 
efbd  a  decompofition  of  the  fappoM  compoond.    If>  the  ea* 
perimcnt  on  which  I  placed  the  greateft  reliaooe,  I  poured 
liquid  muriate  of  lime  into  a  dilution  of  palladium  in  nitre- 
muriatic  acid,  and  evaporated  the  mixlare  to  drynefs,  intending 
thereby  to  expel  any  exceCt  of  acid  thai  might  2  hare  been  left  nor  by  poonof 
in  the  (bltttioA,  and  to  reader  either  piiofphate  of  lime,  or  any  !^^"f*J^  ^^^ 
compound  of  lioae  with  a  metallic  acid,  inlbkiUe  in  water.  The 
refidttum  however  wat  very  readily  diilblved  by  water,  and 
coniifted  merely  of  muriate  of  lime  aad  muriate  of  palladhim, 
without  any  appearaace  of  decrmipofiiion. 

When  I  feund  all  my  endeavours  direftod  to  that  end  wholly  Hence  the  difco* 
uilfucoeffcfiil,  I  no  longer  entertained  any  doubt  of  this  fab-  ^^^^j^  ^^ar. 
ftance  being  a  new  fimple  metal,  and  accordingly  publiihed  a  ^\n^  hMB, 
conclfe  delineation  of  its  character ;  bat  by  not  dire^tng  the  nev  m^-tai. 
atleotieQ  of  chemiib  to  the  fubfiance  from  which  it  had  been 
cxtraded,  I  fcferved  to  myMf  an  opportunity  of  examining 
more  at  leifore  many  anomaloits  phenomena,  that  had  occurred 
tome  in  tbeanalyfit  of  platiaa,  which  I  waa  at  a  loft  to  explain, 
onttl  I  had  learaed  to  didinguifli  thofe  peculiarities,  that  I 
afterwards  found  to  arife  from  the  prefence  of  rhodium. 

$  VI.    Additional  Properties  qf  PgUadium. 

In  my  former  Paper  on  that  fubjeA  I  alfo  added  fome  obfer*  Method  of  eafiiy 
vations  upon  the  properties  and  origin  of  palladhim,  defcribing  ^^"^  '^^ 
only  fiicfa  a  mode  of  obtaining  it  from  platina  as  ihould  avoid 
the  introdudion  of  any  unneceflary  ingredient  which  might 
poffibly  be  at^nterpreted,  and  omitted  one  of  the  moft  dif- 
tingoiAing  properties  of  palhidiom,  by  means  of  which  it  may 
be  obtained  with  the  otmoft  fiicility  by  any  one  who  poflcflet 
a  fafficient  quantity  of  the  ore  of  platina. 

To  a  (biotion  of  erode  platina,  whether  rendered  neutral  by  fn§m4m»- 
evaporation  of  redundant  acid,  or  fatnrated  by  addition  ^^^^^f^^ 
potaAi,  of  (bdt|  or  ammooia,  by  lime  or  magoefia,  by  mercufy .^i^iiM,  thnnn 
by  copper,  or  by  iron,  and  aMb  whether  the  platina  has  or  has  ^^^1^^*, 
not  been  predpitaited  from  the  Motion  by  fal  ammoniac,  it  is^^lEii' 
merely  neceOary  to  add  a  folatioo  of  pruffiatoof  mercury,  for 

Vol.  XIII.— FsBRUAXT,  1806,  L  the 


1 


]2g  •N    PALLADIUM. 

!•  the  prdcipiUtioo  of  the  paHadium.  Generally  Tor  a  few  Tecondt, 

and  fometimes  for  a  few  minutes,  there  will  be  no  appearance  "3 

of  any  precipitate ;  but  in  a  (hort  time  the  whole  folulion  be*   q 

comes  flightly  (urbid,  and  a  flocculent  precipitate  is  graciuallj  ^ 

Heat  difengagei  formed,  of  a  pale  yellowifti- white  colour.    This  precipitate  .j 

^i^it^*^  conGfts  wholly  of  pruffiate  of  palladium,  and  when  heated    .1 

more  than  one    will  be  found  to  yield  that  metal  in  a  pure  Aate,  amounting  to    'j 

twohand.paitof about  four  or  dve  tenths  per  cent,  upon  the  quantity  of  ore  ■  ! 
the  origiiul  ore*  ..^  ,      , 

diuolved.  I    'I 

^  The  pruffiate  of  mercury  is  peculiarly  adapted  to  the  pre* 

^  cipilalion  of  palladium,  exdnfive  of  all  other  metals,  on  account 

of  the  great  affinity  of  mercury  for  the  pruffic  acid,  which  ia    , 
More  mercury    this  cafe  prevents  the  precipitation  of  iron  or  copper ;  but  the    , 
molt'the  wSl     P^portion  of  mercury  does  not  by  any  means  influence  the 
duA.  quantity  of  palladium,  for  I  have  in  vain  endeavoured,  in 

the  above  experiment  on  crude  platiaa,  to  obtain  a  larger 
quantity  of  palladium  that  I  have  dated  by  u ling  more  of  the 
pruffiatft  of  mercury,  or  to  procure  any  precipitate  by  the  lame 
meant  from  a  folutioo  of  pure  platina. 
Thedecompo-       The  decompofition  of  muriateof  palladium  by  pruffiate  oF  :» 


litionii  by  double  mercury  is  not  efTeded  folely  by  the  fuperior  affinity  of 

cury  for  the  muriatic  acid,  but  is  affifted  alfo  by  the  greater 

affinity  of  pruific  acid  for  palladium;  for  I  have  fbund  that. 

pruffiate  of  palladium  may  be  formed  by  boiling  a  precipitated 

oxide  of  palladium  in  a  folution  of  pruffiate  of  mercury. 

Pmffiate  of  T^e  pruffiate  of  mercury  is  confequently  a  teft  by  which 

cnercory  is  the    [\i^  prelence  of  palladium  may  be  dete6tcd  in  any  of  its  folu» 

\dium«  ^  ^'      lions;  but  it  may  be  worth  o^ferving,  that  the  precipitate 

obtained  has  not  in  all  cafes  the  iame  properties.     lo  general, 

this  compound  is  affi?cled  by  heat  fimilarly  to  otlier  praffiates, 

but  when  the  palladium  has  been  dilTolved  in  nitrous  acid  and 

precipitated  from  a  neutra  1  folution  by  pruffiate  of  mercury, 

the  precipitate  thus  formed  has  the  property  of  detonating 

The  precipiu«    ^^®°  heated.   The  noife  is  timilar  to  that  occaGoned  by  firing 

tjon  ttom  a  ol-  an  equal  quantity  of  gunpowder,  and  accordingly  the  crxplo* 

^•^l&^fion  is  attended  with  no  marks  of  violence  unlefs  occaGoned 

heat*  by  ciole  confinement.    The  heat  requifite  for  this  purpofe^is 

barely  fufficient  to  melt  bifmuth,  confequently  is  about  500^  of 

Fahrenheit.    The  light  produced  is  proportionally  feeble,  mttd 

cin  only  be  feeo  in  the  abfence  of  all  other  light. 

.     .    !  Ja 
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lo  c&deavoarin^  to  diflblve  a  piece  of  palladiuni^iD  flrong  Palladium  U 
colonleCi  nitric  mcid  For  the  purpofc  of  forming  the  detonating  ^aL^^'  • 
pruSale,  I  found  that,  although  tiic  acid  (bortl)'  acquired  a  red  trie  acid  and  or- 
oolMr  forronnding  the  metal,  the  a6iioo  of  the  acid  was  ex-  fricaut  u» gss. 
titmdj  (low,  and  I  was  furprifed  to  obferve  a  fadi  that  appears 
to  ne  wfaollj  fingvlar :  the  metal  was  taken  up  without  any 
cstficaiioB  of  nitrous  gas ;  and  (hi«  feemed  to  be  the  caufe  of 
the  flow  iblation  of  this  metal,  as  there  was  not  that  circula- 
tioo  of  this  fluid,  which  takes  place  in  the  fuiution  of  other 
■Ktals  until  the  acid  is  nearly  faturated. 

As  the  want  of  produ^l'ion  of  gas  appeared  to  retard  the  folu-  Nitrous  acid  ads 
tkn  of  palladium,  I  tried  the  effe^  of  impregnating-  a  quantity  "'^^    ^"'*  ^* 
of  the  &ine  acid  previoufly  with  nitrous  gas,  and  obferved  its 
adioo  to  be  vtry  confiderably  augmcnled,  although  the  expe- 
riment was  neceflarily  tried  in  the  cold,  becaufe  the  gas  would 
lave  been  expelled  by  the  application  of  heat. 

Befide  tbofe  properties  which  are  peculiar  to  palladium  there 
■re  others,  not  lefs  remarkable,  which  it  pofFclTes  in  common 
with  platina.  I  have  on  a  former  occafion  mentioned  that  thefc 
■elili  refemble  each  other  in  deflroying  the  colour  of  a  large 
tpantity  of  gold.  Their  refembia nee,  however,  in  other  pro- 
perties is  not  lefs  remarkable,  more  efpecially  in  the  little 
power  they  poffeft  of  conduding  heat,  and  in  tho  fmall  degree 
\  of  expaoGoD  to  which  they  are  liable  when  heated, 
[     For  the  purpofe  of  making  a  comparifon  of  the  conducting  Conducing 

power  of  different  metals,  1  endeavoured  to  employ  them  in  5?*^"  ^J  f*!^' 
/  .  .         .      r  .   1       r         I  t      .   .  diumandplatma 

fico  a  mannert  that  the  mme  weight  of  each  metal  might  ex.  as  ta  hear,  cried 
poie  the  fame  extent  of  furface.     With  that  view  I  fekaed  **^  ^^"^  "'''*^'"« 
pieoevof  (ilver,of  copper,  of  palladium,  and  platina,  which  had  them.    The 
ken  iamifiated  (6  thin  as  to  weigh  each  10  grains  to  the  (quare  "a^'^uK  »  not 
iocfai    Of  thefe  I  cut  flips  ,^-  of  an  inch  in  breadth,  and  four  fiive,  and'cop. 
aBcheslonjg;  and  having  covered  their  furfaces  with  wax,  Iper. 
betted  one  extremity  fo  as  to  be  vifibly  red,  and,  obferving 
Ibedifiancc  to  which  the  wax  was  melted,  I  found  that  upon 
Ifaefilver  it  had  melted  as  far  as  3^  inches:  upon  the  copper  2^  • 

iMhes:  bat  upon  the  palladium  and  upon  the  platina  only  one 
Mb  each :  a  difference  fufficient  to  eftablifti  the  peculiarity  of 
Me  meuls,  although  the  condu6ling  power  cannot  be  faid  to 
W  fifoply  Id  proportion  to  thofe  diftances. 

In  order  to  form  fome  efiimate  of  the  comparative  rate  of  Rate  of  expan* 
cipinfion  of  thefe  metals  I  rivMtcd  together  two  thin  plates  oi  ^^^y  rwittint 

h  2  platina  bars  togstUei. 


12$  STATUl   OF   JOAN   OP   AEC 

While  fteel  ex-  plalina  and  of  palladiam ;  and  obferving  that  the  compoaiid 

F*»^*«^w"»*i    plate,  when  heated,  became  concave  on  the  fide  of  the  platina, 

expaiid9»  tnd    I  afcertained  that  the  expanfion  of  palladiam  is  in  fome  degree 

ptU^ittm  lo.    {he  greater  of  the  two.    By  a  (imilar  mode  of  comparifon  I 

found  that  palladium  expands  confideraUy  lefs  than  fleet  by 

heat ;  fo  that  if  the  expanfion  of  platina  between  the  ten- 

peratures  of  freezing  and  boiling  water  be  eftimated  at  9  parti 

in  10,0CX>,  while  that  of  fteel  is  known  to  be  about  12i  tbe 

expanfion  of  palladium  will  probably  not  be  mii€:h  more  or 

lefs  than  10,  or  one  part  in  1000  by  the  fame  difibrenoe  CS 

temperature. 

It  muft,  howerer,  be  acknowledged,  that  the  method  I 
have  purfued  is  by  no  means  fufficient  for  determining  the 
precife  quantity  of  expanfion  of  any  fubfiance ;  but  I  have 
not  been  induced  to  beflow  much  time  on  fuch  an  inquiry* 
fince  the  extreme  fcarcity  of  palladium  precludes  all  diance 
of  any  praAical  utility  to  be  derived  from  a  more  accarate  in- 
vefiigation. 


VI. 

Kepart  made  to  the  Athcnie  da  Arts  vf  Parh,  iy  MM.  llov* 

DBLET,  BtAUVALLET,  ond  DucBBSKi ;  OA  the  fimtMig 

the  Statue  of  Joan  or  Arc  tn  Bnmse,  by  a  Wt^ntMrie* 

fore  ujbdfhr  targe  Works,  by  MM.  KoOssE  av  and  GtKOtft 

under  the  Dirtition  cfM,  Go  is.  Statuary.* 

Cafting  IB  faod    -^  HE  method  of  cafiing  in  fand  hitherto  hat  only  been  uM 

ufed  hitherto      for  figarcs  from  65  to  70  centimetres  (about  8|  ftet)  in 

T^ei'  '"'      beighth  ;  while  the  fiatue,  which  was  to  be  formed,  being  of 

much  larger  dimenfions,  (hoold  of  courfe  be  managed  weeati* 

ing  to  the  method  called  the  great  foundery,  on  acoonni  af  W 

being  ufed  for  colofial  fiatues. 

Tfai  great  fova-     This  method  of  cafiing  was  known  to  the  ancientt, 

Jery  known  to   ^|^re  even  fnperior  to  at  in  if ;  but  this  art  was  loA  mOk 

ku  wulofkl     others,  and  in  the  time  of  the  Medicis  large  fintMi 

At  its  icvival     formed  at  a  fingle  calling.    The  figures  of  Henry  tiM 

large  ftatuet      ^^  gf  Lcwis  the  Thirteenth,  which  are  Csen  al  Paris» 

were  cift  la  fe« 
^iraceptrti. 

*  Magazin  EncydopMiqaCt  Tt  I.  pw  350. 
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placed  00  iioHeff  mads  previoufljr,  one  for  the  Hatue  ofFerdi. 
■■odLCmid  D^ke  of  TufcaDy,  and  the  olher  for  that  of 
Ifaaif  Ifae  Second,  King  of  France. 

Ilsttatae  of  Lewi*  the  Fourieenth,  in  the  Place  de  Vcn«  That  of 
tmm^  i$  Ifce  firA  that  was  formed  at  a  fingle  cafting  fince  the  fi^^Tclft  IXir^ 
prinl  of  the  art.     Ii  wa$  fuitable  to  fo  great  a  prince  to  per- this  in  a  finale 

'  lis  image  to  be  made  folely  bj  a  grand  method ;  but  Gi-^'^* 
and  KcUer,  to  whom  the  work  was  entrafted,  then 
lUr£rfi  atiemptSj  which  occafioned  many  &ults»  fuch 
HlhecaSin^  it  too  Ibidc^  which  in  ufelefsfy  employing  more 
■elal.  iBorcafed  the  difficulty  of  fupporting  (he  coloifal  /igore; 
mi  focb  aifoas  ufing  unneceiTary  labour;  but  notwithiiaod- 
ig  all  their  precaulions,  the  cafiing  did  not  fucceed  per- 
MHff  and  confidmblo  repairs  were  obliged  to  be  made 

■--  --v 

Aboflt  Ifco  /amc  time  were  ereAed  the  equeftrian  fiatues  of  Various  other 
til  prinoe.  at  fioufflers  and  at  Lyons,  by  the  fame  Girarden^  ^^^^  '^^^  '^ 
|l  Rennes  by  Coisevox,  at  Montpelier  by  Mazeline  and 
Ulrdf.  and  at  Dijon  by  Le  Hongre. 

A/tcr  Ibis,  Le  Moine  had  to  found  a  ftatue  of  Lewis  the 
fileeaUi  al  Bourdcaux,    which  met  with  great  accidents; 
ht  he  had  more  fuccefs  with  one  at  Rennes,  which  was  a 
fedetrian  fiatue :  Guibal  alfo  made  one  for  Nancy.    But  this 
flidid  not  attain  to  a  great  perfedlion  till  Boucharden  was  The  art  aot  very 
Mployed  to  coofirua  an  equeftrian  fiatue  of  Lewis  the  Fif-  ^^^^^^ 
iKitb  at  Paris:  The  great  care  of  M.  Goor  prevented  any  Lewis  XY.  was 
Hodeol  from  happening  to  it,  or  to  that  alfo  which  was  caft  ^*^' 
at  Reins  by  the  iamc  arlifi,  from  the  model  of  Pigale.     This 
fander  had  not  the  fame  fuccefs  when  he  formed  the  fiatue 
tf  Frederic  the  Fifth  at  Copenhagen,  from  the  model  of  Saly, 
Mtb  required  great  repairs.    P'inally,  great  improvements  Great  Improre* 
Ubecn  made  in  the  art  when  the  fiatue  of  Peter  the  Great  ^^"^'n 

tiw  art  when  tht 

m  ibonded  at  Petcriborg  by  Falconet,  and  nevcrthclefs  he  ftato»of  l^ter 
nuMged  to  refound  a  fecond  time  the  upper  half  of  the^'^^^^^^* 
■lie* 

The  great  difadvanf age  of  the  method  hitherto  ufed,  is  its  DUadvant^get 
lormoas  .expence  and  the ^reat  time  it  requires.     It  is  true,  ^^J^^^'' 
it  for  works  which  are  intended  for  duration  economy  is  not 
•  chief  objed;  but  if  they  can  be  performed  equally  wcl)  M.  GoU'a  ms* 
f  M.  Gois'a  method,  at  one^half  the  expence  and  in  a  fourth  '^?^  ^^^^^^^ 
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Reifons  for  be*  of  the  lime,  il  certainly  ought  to  be  prcferrcil.    There  i«  good 

li^uMMfl^lVor  ""^^^n  ^''o  *o  decide,  that  this  method  will  do  equally  well 

Che  largeft  for  the  largeft  works;  for,  according  to  calculation^  (be  largeft 

"^^  flalue  of  this  kind  in  France  exceeds  that  of  Joan  of  Arc  by 

a  much  fmaller  proportion  than  the  latter  exceeds  that  of  the 

largeft  flatucs  ever  before  cafl  in  the  lame  manner,  which 

never  weighed  more  than  from  8  to  10  kitogramm«s  (from 

about  17  tu  22  lb.)     The  ftatue  of  Joan  of  Arc  weighed  600 

kilogrammes,  which  is  60  times  more;  but  that  of  Lewis  the 

Fiflcenlh.   which   weighed  17,000  kilogrammes,    was  only 

(went)  •eight  times  heavier  than  that  of  Joan  of  Arc. 

But  in  order  to  judge  belter  of  the  advantages  of  M.  Gois"s 
method,  it  fliali  be  defcribed  at  large,  and  an  account  given 
alfo  of  tlie  method  of  molding  by  wax,  or  of  the  grand  fout^ 
dtry,  in  order  to  compare  I  hem  together* 
M.  Cni<*t  fta-        M.  Gois  having  made  a  ftatue  of  Joan  of  Arc  for  a  pnze, 
A^c  «hib?«I     exhibited  it  in  public  in  the  year  10,  (1802.)    The  prelea  of 
and  admired,      the  department  of  the  Loire  faw  it,  and  propofed  to  the  city 
of  Orleans  to  re-ereft  that  monument  to  the  glory  of  this  he- 
roine, which  had  been  deftroyed  in  the  anarchy  of  the  revo* 
lulion.     It  was  accordingly  ordered  to  be  done.     M.  Goii 
being  informed  of  thi<,  went  to  Orleans  and  ofTered  to  make 
a  caft  in  bronze  from  h\^  ftatue,  without  precifely  knowing 
whether  it  was  that  which  the  city  required. 
He  7s  employed       An  agreement  >vas  then  made  with  M.  Gois  to  complete 
to  mjke  a  caft     ^^^  fiaiue  at  a  lixed  price,  in  the  courfe  of  about  one  year  from 

in  btiinre  fiom  ^  ^ 

it  for  the  city  of  ihc  5lh  Germinal,  An  XL  or  before  May  4,  1301-. 
Orliins.  ^i,  Gui,  5egan  to  be  alarmed  at  the  enormous  expence 

Is  inHuccd  to  of  the  ufual  method  of  caHing  fuch  ftatues,  and  at  the  great 
^*»dc  kl^  ra*nd  to '""®  *^  required,  which  he  leared  would  prevent  his  per* 
five  time  and  forming  the  agreement.  He  knew  that  M.  Rouileaa  had 
expence.  made  a  caft  from  the  groiipe  of  Graces  by  Germain  PiloDj^ 

MlR<-uflreaa  with  great  fiiccefs,  hy  a  different  method;  and  though  thefe 
work?o/h»m!  figures  were  but  1,38  nuircs  high,  and  his  ftatue  was  more 
who  hid  before  than  two  metres,  (6-J-  reel)  he  went  notwithftanding  to  confult 
Cf^fheGral^  'his  founder,  who  engaged  for  the  fuccefs  of  the  method,  and 
and  cmployi  the  promifeJ  to  employ  in  the  buftncfs' the  fa r:^c  workman  whd 

^*ir^^'*than  ^^  ^^^  *'^*^  above  groupe  without  having  met  with  any  aCt 
cidcnt :  This  laft  con (i deration  determined  M.  Go;*  toichtrult 
^hc  work  to  W^q  foundcn  in  fund. 

Tha 


STATUE  OF   JOAN   OP   A&C.  131 

'  Tha  firft  of  FraAidor,  An  XL  the  bufineft  was  began ; 
boi  ai  they  commenced  with  the  bas-reliei's  it  was  not  till 
three  months  after  that  they  undertook  the  work  of  the  fialue. 

Thej  made  ufeof  the  common  fand  of  the  founders,  which  The  proceli  de- 
ls argillaceous,  and  always  kept  a  little  moift.     After  having  1"^*^''^'^ 
well  raked  it^  feparated  all  the  ftones^  and  broken  all  theinf&nd. 
lumps  that  could  be  met  with,  they  filled  with  it  a  cafe  of 
8»120  metres  long,  and  one  metre  broad  at  Ihe.inGde,  and  16 
centimetres  high  ;  the  thicknefs  of  the  wood  of  the  cafe  was 
flight  centimetres.  The  fand  was  Orongly  beaten  with  a  rammer 
10  centimetres  broad  and  60  long,  and  by  this  operation  ac- 
quired  fufficient  confidence  to  be  raifed  along  with  the  cafe 
without  any  danger  of  running  out. 

After  this  the  flatue  was  placed  upon  the  firft  cafe,  which 
is  called  the  fuifi  moid,  becaufe  it  was  to  be  afterwards  re- 
placed by  another:  the  fand  was  (iirred  up  a  little,  to  permit 
the  mod  prominent  parts  to  enter  it ;  another  cafe  of  the  fame 
iise  was  then  put  over  the  fird,  and  attached  to  it  by  four  ' 
points  of  iron. 

.  The  true  concave  tnold  was  then  be^n,  by  modelling  each  Method  of  fbrn- 
part  of  the  figure  with  the  fame  kind  of  fand.  A  workman  *"'  *^  °*^^  . 
of  much  addrefs  and  intelligence  is  requifite  for  the  divifion 
and  didribution  of  the  different  pieces  which  form  the 
mold :  he  fltould  explain  the  motives  which  induced  him 
to  prefer  one  didribution  to  another :  each  piece  ftiould  have 
diflerent  fedions:  care  diould  be  taken  to  mold  the  parts 
which  have  a  large  and  uniform  furface  in  a  fingle  piece, 
while  the  pieces  mud  be  multiplied  for  thofe  portions  of  the 
flatue  which  have  many  finuofilies  and  deep  indentations. 

This  part  of  the  operation  requires  the  mod  care ;  tor  if  it 
be  performed  with  negligence,  the  extradion  of  the  model 
would  be  attended  with  great  difficulties ;  and  if  the  workman 
employed  is  aokward,  numerous  faults  will  need  reparation 
after  the  ceding,  and  probably  great  accidents  may  happen. 
it  is  but  judice  to  fay,  that  Qenon,  the  workman  on  this 
flatue,  diewed  in  his  performance  equal  dexterity  and  know« 
ledge. 

To  prevent  the  pieces  of  the  mold  from  adhering  to  each 
other,  care  is  taken  to  powder  the  parts  of  each  which  is 
finidied,  with  charcoal  dud  inclofed  in  a  bag,  before  a  new 
piece  is  began.     The  workman  having  finidied  the  mold«    ' 

iPg^ 
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ings  of  lh«  conloure  of  llie  figure,  fiHed  up  ibe  taa^j  |j 
bcLween  liiem  and  Ibe  ci'ie  with  Iniid,  which  h<  (iiR  p 
and  furced  logelUer  with  his  handi,  allcrwvdt  bnt  it  wilb 
ibcbaf,  mid  linally  with  »m«liet;  itiit  comprellion  givei  it 
fuch  a  folidity  iliat  it  appeart  like  flone,  oi  at  kail  like  b 
earlh. 

The  bme  care  wai  t&keii  niih  each  caf«  at  they  were  foe- 

»oeflit>cty  added,  i»  the  number  of  feven ;  wliich  coiopleatitig 
■he  top  of  the  Aalue,  iJie  whole  wai  then  reverfed  in  onlec 
1o  replart' ihe  lowed  cafe,  vrbich,  as  mentioned >  wat  only  • 
fa\ie  mold;  aiid  t!i«n  each  part  at  the  lower  eMremil]!  was 
a'fo  muddled  in  fame  manner  ai  Ihc  ptcoudinfj. 
^  The  hollow  mold  being  (iDifhed,  (he  cafex  were  taken  afut^ 

der,  and  ta/ch  piece  reoiaved  feparately  to  take  out  ibe  flalue : 
tJien  Ihey  wtre  all  plaued  in  tht;ir  propet  wder  in  Ihe  eslniur. 
luuld,  which  ma)'  be  compared  lo  the  caver  ufcd  bjr  tlwfe  whs 
Thepitenof  naku  plaflcf.of.Pari*  cafln.  Each  piece  would  be  well  n> 
""r™°'^iotrth<r  '^'"'^'*  '"  ''*  p'***  by  its  irregular  form  ;  but  it  was  ftill  faXlitr 
viihptftv,  ind  fallened  by-  a  little  thin  pallc  made  uf  Auur,  which  was  *pt 
''"'"'.''>  *'"'  plied  by  a  brufli  both  to  the  pieces  ihoaifelyts  and  Ihe  putt 
cju.  (hat  adhered  lo  the  calet.     It  was  ihouglJi  necejTaiy  to  take  a 

precaution  more  than  what  wat  ufual,  thtough  (lie  apprehen- 
fiun  that  the  palle  would  not  hold  together  (hofe  large  piece* 
»i  well  as  it  Hid  (be  fniall  pieces  in  IrtTcr  wonit ;  they  were 
Ihercfore  traverfed  by  long  wires  of  iron,  which  entered  inlo 
the  cover  or  exrerior  mold. 

Tliis  (nold  being  thus  entirely  complcatcd,  bad  only  lo  be 

Mc'Wof  rorm-  dried  till  the  time  of  the  caAing.     A  new  mold  was  neccflaiy 

ug  lilt  caic>      iQ  1^  made  to  call  the  core  :  the  faiuc  pains  weie  nM  taken 

wilh  tbiitai  with  tlie  (irR,  at  it  would  be  uftleft  lo  do  fo. 

When  this  fecond  mold  was  finitheil,  a  coat  of  model linff-dajr 

wa*  8p|>lied  tu  il»  inliiie,  <jf  (he  fame  (bickoels  which  wa*  in> 

tended  10  be  given  to  (f>e  bronze  j  and  without  waiting  for  ill 

dfying,  it  was  clolied  aiid  tl)e  core  cafl  in  H,  which  wai  coat* 

pofed,  as  is  uJual,  of  equal  parts  of  plaSer  of  farii  and  Bt~ 

brick  dufi. 

lietit  ironroJi        Eight  rods  of  iron  having  been  placed  at  the   irfide  of  Hm 

)»><  foil  u>piD-  mold,  afterward!  projifleu  from  (be  core  abnui  10  or  12  oen- 

t^'tlirwK  "  limeircs,  which  fcrivd  lo  [itnce  it  with  prcciiion  id  (Ite  hoUow 

m  (vAr  in  f\ia  moldi 

it  ID  die  iBoU,  •    Q 
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BoIIb  tbt  ntan  tine  the  cafieafiadiMen  placed  0119  over  Hie 
ellMr,  and  the  iron  piot  which  conne^ed  ihcm  fitted- 10  their 
plaeei,  takioi^  care  to  divide  them  into  two  porlioDs,  -which 
aofwwed  io  the  two  cafes  afnall/  emplojed  by  the  ibanderti 
and  which,  inftead'Of  the  nfoal  IhickneTs  of  five  centimetres 
at  iDoft,  weie,  the  one  48  and  the  other  64  centimetrei 
thick. 

In  this  ftate  they  were  dried,  by  placing  them  rooad  a  bra*  Ths  fkan  of 
fier  ef  Undled  charcoal^  the  fire  of  which  had  the  more  power  ^'"^^'^ 
frofli  4he  moid  being  divided  into  two  portionf «  and  empty. 

The  oare  was  likewife  dried  by  placing  it  over  a  brafier  of  The  eon  alib 
charcoal;  the  fame  wai  aifo  placed  roand  it;  and  in  eight ^'^* 
honrt  the  nMMAore  was  entirely  evaporated.    It  was  left  to 
cool»  and  it  was  placed  in  one  half  of  the  mold  |  the  fcoond  The  maU  and 
half  of  the  mold  was  afterwards  fitted  on,  and  tiie  whole  com^^  ^^  ^^'"^ 
prafled  together  by  iron  prefles  in  the  nfoal  manner.  ca4bif,  md  it* 

After  this  there  only  remained  to  conftruA  the  hafon,^*'*^^7f*<'^ 
{l^mkim},  to  ftife  the  metal«  and  make  the  caft.    Theie  ope» 
rations  being  the  fame  ftir  both  methods  of  ftMindtng,  Audi  be 
aeiated,  after  firft  as  briefly  as  poffible  defcribing  the  method 
of  caftiog  by  tiie  great  foundery  in  which  wax  is  ufed. 

The  fiffi  operatien  fiir  the  great  foundery  is  to  dig  a  tienoh  Deicripdon  of 
proporttooate  to  the  fineof  the  figure  to  be  caft,  and  io  for-  **^"^l^^ 
round  it  with  a  wall  to  prevent  the  earth  fi'om  tnmbling  in.        ^^^* 
Aftor  the  model  is  finiflied  it  is  oiled«  and  a  mold  formed  from  A  mpM  fonned 
it  with  plafter  of  Paris  in  the  nfoal  way  1  and  with  the  pre-  ^  ^  ^^ 
cautions  before  direOed  for  molding  in  fand :  la  each  piece  pieces, 
of  this  mold  rods  of  iron  are  inferted,  by  which  they  may  be 
eafiJy  Kfted  when  the  mold  is  taken  afunder  or  pnt  up;  each 
of  thefe  pieces  is  nnmbered«  that  its  f  roper  plaoe  may  be 
known. 

After  this  feveral  layers  are  applied  with  a  brufti  to  the  io-  A  sompoficioa 
fide  of  the  pieces,  of  a  eompofition  made  of  7-tentbs  of  yellow  ^^.^^^ 
wax,   1-tenth  of  turpentine.    l*tenth  of  white  pitchy  and  the  mold,  of  tho 
I -tenth  of  hogVlard,  which  is  melted  flowly  to  pcevent  i^s  ^'^l]^/'  ^^ 

g*  m  a       s  s  1  %casw^^s  sva  «aev 

iormuig  bubbles.  bninsc 

When  the  difterent  byers  form  a  tbicknefs  of  three  or  four 
mtHimetres.  (0. 15  inch)  cakes  of  wax  are  placed  infide  in  thofe 
paf  ts  where  the  bron^  ihonld  be  of  a  greater  thick  nefsy  and  hC* 
tenings  of  Qieet-brafs  are  inferted.  which  may  take  iujM  of  the 
core  and  prevent  the  wax  from  falling  ofi*. 

Tim     . 
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The  core  cad  The  mold  is  then  fitted  toother,  and  the  core  caft  with 
'Jod  the'nK)del.  ^lUicknefR^  that  it  may  form  an  entire  mafs  and  not  lie  io 
)ing  of  the  wax  layer*:  As  foon  as  it  it  folid  the  model  is  taken  afonder,  and 
§ut^  tfte^U  ^  fliiluary  repairs  the  wax,  takes  off  all  the  futaret  of  the 
is  taken  ottu  molds,  redtifies  the  errors  which  may  have  occarred,  and 
gives  to  tlie  work  all  the  perfedion  oH  whirls  it  it  fu& 
ceptible. 
TlletnieflBald  After  this  the  true  mold  is  formed  of  materials  capable  of 
**^>r^i^  fupporling  the  beat  and  the  iropulfe  of  the  metal ;  to  oompofe 
^uo&»  which  thrce-iixihs  of  earth  are  mixed  with  one-iixth  of  borle- 

dungy  and  left  to  rot  in  a  ditch  for  one  winter :  when  this 
mixture  is  taken  out,  two-fixths  of  broken  crudbleji,   well 
pounded  and  palfed  through  a  fieve,  arc  added  :  the  whole 
is  tempered  with  urine  and  beat  up  on  a  (lone :  it  ia  then  what 
is  called /lo/cfe. 
ForsMtioa  of         When  it  is  to  be  ufed,  a  fufficient  quantity  is  taken  and 
thctrveinoU     ^^{cr  enough  added  to  it,  to  make  it  capable  of  being  laid 
on  with  a  bruih ;  forty  coats  of  it  are  then  laid  over  the  wax 
fiicceffively,  (care  being  taken  that  one  coal  is  dry  before  an* 
other  is  laid  on)*  which  altogether  form  a  thicknefs  of  five 
centimetres  (2  inches.}     Tlie  mold  is  then  furrounded  with  flat 
bands  of  iron,  which  crofs  each  other  like  net-work  ;  tben^  after 
rendering  the /)/>/^  thicker,  by  adding  earth  to  it,  and  hair  that 
has  been  well  beaten,  it  is  laid  on  over  the  former  work  with 
the  lingers,  until  the  mo!J  has  attained  the  thicknefs  of  twenty 
centimetres  belnw  and  lixteen  above  (6  and  8  inches) ;  afler 
which  it  is  iurrounded  a  fecond  time  with  bands  of  flat  iron.    ' 
frrparatloni  for.     After  this  a  w*all  is  built  round  it,  the  paflages  neceflary  for 
and  method  of    (he  fire  conftru^ed,  and  the  intervening  fpaces  are  filled  up 
^  ■"&  ou         ^jfi^  broken  bricks :  Then  the  fire  is  kindled  in  the  paflages 
mofl  diflant  from  the  figure,  and  is  gradually  increalicd  for 
'    nine  days,  and  again  diminished  for  the  fame  fpace  of  time. 
On  the  fecond  day  the  wax  begins  to  flow^  and  continues  to 
do  fo  for  ten  or  twelve  days;  about  half  of  it  is  lofi. 

When  the  fire  is  extinguiflied,  the  work  is  left  fome  days 

to  cool ;  then  the  broken  bricks  are  remuved,  and  before  the 

mold  is  buried,  a  coat  of  plafier,  about  half  an  inch  thick,  is 

ThemoUbu-     put  over  it,  which  is  called  the  chtmije.     Then  they  proceed 

ricds  and  the     j^,  jj^p^  |j,g  mold,  or  inclofe  it  with  earth,  firft  taking  care  to 

placed  reviy  for  Acp  all  the  ways  ihiQugh  which  the  wax  fiowed,  and  Lo  raife 
cading.  iit^ 


•TATCE    OP    JOAK    OF    ARC,  JQJ 

4b0  pipes  for  Uie  vents  and  for  the  entrance  of  lite  fufcd  metal. 
The  earth  ufed  forenclofing  the  muld  fliould  be  lirfl  ^kreen^d, 
and  then  laid  on  equally  in  the  excavation*  After  each  courle 
B  railed  to  a  thicknefs  of  thirty  centimetres^  ( 1  loot)  it  is  beaten 
down  til]  it  is  reduced  to  ten. 

After  Ibis  there  only  remains  to  build  the  bafon  for  the  re« 
ception  of  the  meta^  called  the  echino. 

In  enuroeratinj^  the  operations  neceHaryfor  the  method  of  EoameratSon  of 
caffios  in  faod  firft  mentioned,  the  authors  of  tlie  report  flale**** '***5**x 
tiwni  to  amount  to  ten;  while  tliofe  ufed  for  calling  in  thie  i„g  in '{and,  and 
hr^e  way  lall  recited^  in  which  wax  is  ufed,  amount  to  no  dU^dvaqtagci  or' 
lefstfaan  twenty-eight»  each  of  which  they  particularise;  but  j„^^ 
as  tbcfc  operations  may  readily  be  counted  from  the  relation 
ahead  J  given,  this  catalogue  is  not  inferted  here.     They  al& 
remark,  that  the  laying  on  the  wax  on  tlie  pieces  of  the  moid 
,  takes  up  much  time,  as  does  likewife  the  preparation  of  tbo 
potee:  that  in  the  firft  method  the  circling  with  bends  of  iron 
is  entirely  avoided,  and  the  building  of  the  paflages  for  the 
fire,  which  are  very  expenfive:  that  likewife  the  molding 
aod  fettiog  up  of  the  vaft  number  of  pipes  and  vents  is  faved 
in  it ;  and  in  the  drying  of  the  work  the  economifing  of  fuel 
is  givetly  in  favour  of  the  firft  metliod^  for  in  it  thefe  operations 
are  performed  in  a  fliorl  time  with  a  very  fmall  fire,  which  in 
the  other  method  require  at  leaft  three  weeks  and  a  powerfol 
.  beat :  that  in  the  repairing  of  the  wax  the  ftatuary  muft  worK 
with  his  own  hands :  and  that  in  taking  out  the  ftatue  when 
caft,  there  is  vaftly  lefs  trouble  in  the  firft  method. 

The  authors  here  defcribe  the  method  of  eredling  the  fur* 
nace  for  fufing  the  metal  for  the  flatue  of  Joan  of  Arc  ;  but 
as  it  WB^  conftru6)ed  to  burn  wood,  which  fuel  is  not  ufed  in 
our  fbnnderies,  and  as  the  defcription  would  be  en  other  ac« 
counts  of  but  little  l>enefit  to  our  anifts,  it  is  omitted. 

It  is  only  neceflary  to  (late,  that  the  place  which  contained 
the  fufed  metal  was  at  fuch  an  elevation,  that,  wlxen  the  (lojv 
per  vihich  retained  it  was  driven  in,  it  might  flow  freely  into 
the  eckino  through  the  paflage  prepared  for  it. 

The  mold  for  the  ftatue  was  partly  buried  in  the  earth,  fo  as  The  mold  of  the 
to  allow  a  fall  for  the  metal  of  eight  centimetres  (3  in.)  from  the  Arebid  iiX**^ 
hearth  to  the  entrance  of  the  pipes ;  and  the  authors  obferve,  earth  reaij  for 
that  the  trouble  of  burying  the  mold  might  be  avoided  by  lay.  "^^^ 

ing 
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ing  it  on  iU  fide,  for  which  pofition  they  think  it  wai  fiift* 

ciently  well  prepared. 

Paru  of  Ae  ib-     The  flatae  was  all  formed  in  one  mold,  except  the  ikift^ 

^Qfa  tjw^ir^  (P^Ksi^it  one  arm,  and  the  plumet  of  the  hdmel,  which  wen 

phiced  in  a  feparale  cafe:  This  might  have  beett  difpeafed 

•with,  bdi  it  was  apprehended  that,  if  ihejr  femained  with  the 

ilatue,  they  would  ha.ve  much  encreafed  the  diScnlly  or*^tlie 

work,  by  adding  to  ihe  elevation  of  the  figure. 

feeejtfbffiwi      £veiy  thing  being  prepared  for  the  cafting,  ahoul  1000 

•r«Mnm.    uiogramt  (about  S2  C.)  of  (he  metal  was  placed  in  the  for- 

naoe,  one  half  of  which  metal  coni^fied  of  old  cannep,  a 

third  of  copper,   and  the  reft  cf  bcafs;   and  on  the  8ih 

of  Germinal,  An  XIL  (99th  March,  iSO^).  at  aght  o'clock 

in  the  afternoon,  the  metal,  after  five  hours  heating,  being  an 

eompleat  fufioo,  and  the  ^chino  and  the  floppers  which  clofoi 

Ihe   two  paflages  for  the    metal   being   previoofly  healed. 

The  caft  msde    ]iif .  KouffiRHi  fKOed  in  the  plug  that  retained  the  metal  in  Ibe 

fcao^'lt^ucL     ^W'nace ;  it  (owed  immediately  tnio  the  fcldno;  the  fli^ipers 

ceededcom-       were  removed  from  Ihe  pafiages  for  ihe  metal  firom  thence, 

plsady.  ,^|^  In  )q^  ^}^^^  l^o  minutes  a  liltle  of  the  metal  appeared  at 

the  vents,  and  (hewed  that  the  caft  was  completed. 
The  ftatve  re«       On  removing  the  fand  it  was  found  that  no  accident  bad 
J^^^^aTr^'^'^P^*^^  but  a  (light  flaw  on  the  iloroach  of  the  figure  ^  ibai 

the  head  was  •quite  perfed ;  and  that  there  had  been  i»e  fiar* 

tial  cafting,  or  any  part  of  the  figure  necefliiry  to  replace, 

which  often  happens  in  the  other  method. 
The  rcporten        The  reporters  conclude  with  high  encomiums  on  the  ad« 
mP^^^  ^s  ^"^S^'  ^  ^^  method  of  cafitng,  and  recommend  that  me- 
to  give  medals    dals  be  given  to  MM.  Rouffeau  and  Genon  by  the  Ath^n^ 
to  MM.  Rouf-  ^^  ^rts,  in  teftimony  of  their  merit ;  and  that  as  the  rules  of 

fesB  and  Genon,  ,     o     •  »    i  •  «•         .    •  • 

ffid  tooMkeho-  ^he  Society  prevented  this  recompcnce  from  being  granted  to 
aonrable  mea-    any  of  its  membersi  honourable  meiuion  (bouU  be  msdO'  of 
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VII. 


Mxp€rime>U$ made  ai  ike  Galvdmc  SoeiHy  qf  P»U,  by  M.  Rrr« 
rANT»  Direct  qf  ike  NUrc  and  Gaapfrvfiier  Works ^  tending 
§9  prove  thai  Muriaiie  Acid  is  tud  compofed  4U  auiounced 
hy  M.  Pachiam  *. 

iA.S  fixMi  as  the  Galvanic  Society  knew  tfmt  M.  Padiiani,  ^||» 
of  Pifa,  had  aonoanced,  that  be  had  obtained  moriatic  add  JTT^,^,,, 
by  depriving  water  of  a  portion  of  its  oxigen,  their  firil  care  tn^Mniiat  ij 
wat  to  engage  in  a  courfe  of  experimenbi  both  by  galvanifm  SwriMfitk 
and  eledricily,  to  obtain^  if  it  was  poflibiet  a  GonfirinatioQ 
of  a  difcovery  (o  important  to  the  progreOi  of  fdenoe.  The 
fodeiy  bad  a  letter  communicated  to  them,  which  was  ad- 
dreOed  on  the  9th  of  May,  IS05,  by  M.  Pacbiani,  to  M» 
PigBotti ;  in  which  he  recited  the  refults  which  he  had  ob- 
tainedy  bat  without  entering  into  any  detail  relative  to  the 
nature  or  order  of  his  experiments ;  they  only  knew  thai  he 
ttfed  the  galvanic  pile.  They  therefore  determined  to  make 
their  experiments  with  the  fame  apparatos,  in  the  manner 
which  appeared  to  them  the  leafi  likely  to  produce  refuUa 
Ikble  to  objedions.  Two  of  thefe  experiments,  which  ap- 
peared principally  worthy  of  attention^  were  conduced  at 
follows: 

Experiment  I. 
A  portion  of  a  new  glafs  tube  was  taken,  three  inches  Delcrip6*a  if 
long,   and  0.35  inch  in  diameter  infide,  one  of  the  ends  ^b/STS**! 
of  this  tube  was  clofed  at  the  lamp;  to  the  other  end  was 
united  a  capillary  tube  bent  in  fuch  a  manner  as  to  pafs  under 
ajar,  and  at  equal  diflances  from  the  Juti6tion  of  the  capil- 
lary  tube,  two  points  were  drawn  out  at  the  lamp  in  the 
thicknefs  of  the  glafs,  b^  means  of  which  two  bits  of  gold 
wire  of  about  0.02  inch  in  diameter,  and  of  the  fiandard 
0.976  of  purity,  were  inferled  in  the  tnbe»  at  a  fmall  diftance 
from  its  low^  extremity,  and  difpofcd  fo  as  not  to  touch  each 
other,  or  bear  againfl  the  fides  of  the  tube;   thefe  points 
of  the  glafs  were  then  dufed  at  the  lamp.     The  tube  and  its 
capillary  prolongation  were  filled  with  diftilled  water,  whole 

•  jTurnalde  Pkj/^^uf,  Tom,  LXL  pi  2%U 

purity 
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parity  had  been  proved  by  nitrate  ofdlver;  the  whole  Wai 

fatleiicd   by  wax  on  a  fmall  piece  oF  gMi,  placed  in  the 

midd  of  an  horizontal  galvanic  pile  of  fiRy-two  double  fquare 

p^tes  of  4^25  incfief  at  each'  fide,    Thefb  plates  were  fepoi 

rated  by  pieces  of   feather,    which    formed  between  each 

other  drrifion;;,  which  were  filled  with  very  pare  fand^  moSft- 

The  fanj  of  the  ened  by  a  folution  of  muriate  of  foda.    The  capillary  tdbe  was 

i!*fotart^*rf  P*^^^  beneath   the  water  of  a  ciflern,  wiUi  its  exlremkjr 

muriate  of  (bda:  under  the  mouth  of  a  jar  filled  with  water.     The  two  wires 

Sf  BBUMd^n*^  of  gold  being  made  to  communicate  with  the  twapole«  of  the 

iu  canpktkmi    pi'^i  its  activity  was  imroediafcly  exhibited  by  the  difengage^- 

ment  of  gas  in  chains  of  bubbles  very  apparent,  parting  from 

the  extremity  of  each  of  the  gold  wires,  but  in  a  more  con- 

fidferablc  quantity  from  that  corrcfpondtng  with  the  copper 

pole.       This    a6!ivity  of   difengagcraent  ef  gas  continued 

without  interruption  from  the  eighth  oi'Thermidor,  to  the  23d 

of  the  fame  month,  on  which  day,  after  the  pile  being  moiflen- 

ed  with  folution  of  muriate  of  foda,  it  (lopped  for  feme  time  : 

it  foon  however  recommenced,  and  always  did  fo  after  any  fuf- 

the  aftiwty  of    penfiori.    Its  a6livity  was  immediately  renewed  by  agitating 

mentrflwrc-  *^*  wires  which  communicated  with  the  poles  of  the  pile, 

newed  by  agiut-  The  adivity  of  the  pile  was  conflantly  greated  at  four  o'clock. 

Thit  aaliity     *"  ^^^  afternoon ;   and  immediately  afterwards  it  began  to 

always  grcateft    diminiHi.     On  the  1  Ith  of  Fru6iidor  the  apparatus  was  taken 

at  four  in  the     gfu^^j^r    after  continuinc:  for  thirtv.four  Cucceffive  days  in 

afternoon-  ^  ^  ^  •>  -      ^ 

The  apparatus    continual  a6)ion.     TIic  water  was  tJien  diminlQied  to  half  its 

feparated  after     Qj-iginal  volume,   but  had  not  Joft  any  of  its  limpidity, 
continuing  m  "  .  .        ^    ;  i  •       .  r  I  ^ 

adion  thirty-         The  extremities  ot  the  gold  wires,  from  whence  the  gas 

lour  days.  haj   proceededf    were  oxidcd,    but    that  moft   perceptibly 

the  tube  di-  which  communicated  with  the  zinc  pole  of  the  pile.     The 

niDlihed  one  whole  gas  obtained  and  coIlcAed  during  the  experiment^  was 

wires  oxUcd  ^^^  cubic  centimetres  ( 1 200  inches).    The  liquor  remaining  in 

that  neat  the  the  tube  was  carefully  examined ;  it  produced  no  fenfation  of 

sine  moft,  793   ^^^^  ^^  ^i^^  tongue,  had  Hoadion  whatfocver  on  the  tinflure 

cubic  centime-       ^  r 

tertofgascol-    of  turnfol  and  of  fernambuc,  and  did  nut  produce  the  leaft 

!l?^'     .  .      cloudinefs  in  the  folution  of  nitrate  of  (ilvef. 
The  renuuning 

liquor  in  the  The  gas  produced  by  the  action  of  the  pile  was  then  ex- 
tube  baa  no  i^mined.  After  having  introduced  one  meafure  of  it  into  the 
adioii  on  turn-  audiometer  of  Fontana,  an  equal  meafure  of  nitrous  gas, 
Ible,  and  is  not  made  purpofely  for  the  proof,  was  added ;  an  abforplion  of 

aafeaed  by  iblu-  r    K       4  Y        »  »  r 

tion  of  nitrate  of  feventy- 

filler* 
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(eveofy-feven  Iwo  hundredth  parts  look  place  in  the  volume  Th^  «"  pm- 

^f  .1  ^  .        _     r  duced  is  Cried  by 

Of  the  two  roeafures.  Footanat*.  cu- 

In  order  to  afcertain  whether  all  the  oxigen  which  the  gas  diomccer,  «a 
contained  had  entered  into  combination  in  this  abforption,  a  fe^^JJ-^vM 
fecond  meafure    of  nitrous  gas    was    introduced   into   the  two- hundredths 
eudiometer ;  but  the  gas  did  not  experience  any  diminution  ^^^^  ^^^ 
of  lU  volume.     The  quantity  of  oxigen  which  the  abforption 
produced  by  the  introdu6lion  of  the  firfi  meafure  of  nitrous 
gas  might  indicate,  was  attempted  to  be  valued  by  a  com* 
parifon  with  atmofplieric  air  elfayed  in  the  fame  manner;  for 
which  purpnfe  one  meafure  of  atmofpheric  air  was  introduced^ 
and  an  equal  quantity  of  nitrous  gas  added ;  an  abforption  of 
fifty-five  two  hundredth  parts  took  place  in  the  volume  of 
the  two  meafures.     In  confidering  thiN  abforption  as  (he  effect 
of  the  combination  of  nftrous  gas  with  the  volume  of  oxigen 
gas,  correfponding  to  the  0,22  parts,  which  atmofpheric  air 
contains,  it  may  be  concluded,  that  the  abforption  of  fcventy- 
fevcn  two  hundredth  parts,  produced  with  the  gas  of  the 
pile,  reprefented  (proportionally  the  combination  of  the  fame 
quantity  of  nitrous  gai  with  a   little  lefs  than  0,31    parts  of  "^hc  ^"•"^7 •^ 
the  oxigen.     It  was  then  obfcrved  that  the  meafures  of  gas^  inche«a 
having  been  introduced  feparately  and  fucceHively  into  the  valued « 0,31 
eudiometer,  it  might  happen  that  they  were  not  fufRciently  ****** 
Well  mixed,  and  that  confequently  the  abforption  was  not  as 
compleat  as  it  might  he.   It  was  itiought  that  it  might  be  better 
to  pafs  the  gafes  in  fcparate  meafures  under  a  jur,  and  then 
to  introduce  the  whole  volume  together  in«o  the  eudiometer. 
The  former  experiments  having  been  repeated  in  this  manner, 
an  abforption  took  place  between  the  gas  of  the  pile  and  the 
nitrous  gas,  of  ninet^-lwo  two  hundredth  parts  in  the  volume 
of  the  two  gafes,  in  place  of  feventy-fcven   rcfulling  from 
the  fame  proof,  by  the  lirfl  method  ;  and  willi  the  atmofpheric 
air  and    the   nitrous  gas   the  abforption  was  tjxty*eight  two 
hundredth  parts  inflead  of  /ifty-five.     There  refultsihen  from 
thisy  according  to  the  fume  ratio  of  the  0/22  parts  of  oxigen 
contained  in  the  atmofpheric  air,  a  proportional  indication  of 
about  0,30  parts  of  this  gas  contained  in   that  of  the  pile.  The  proprrfioa 
It  was  again  proved  with  the  eudiometer  of  Volta,   by  "^"^j^oitMPwa 
troducing  a  fingle  meafure  into  it,  through  which  the  eledlric  tria'^  wmote 
fpark  was  made  to  pafs ;  the  proof  was  afterwards  '^^T^^^^^^^^^'^J-^^ 

fucceirively.  the  gas.  *"* 


Apparatus  ufed 
jnfecoiiilex- 
perimeoc  def- 
cribed. 
The  Cmd  it 
maiftencd  widi 
river  water  coo- 


diflblved  and 
pccQpitattd^ 
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The  gas  farther  fdeceflSreiy,  On  two,  three,  and  four  meafiircs,  and  alwtft  thi  ^ 
JSJ^^/„j  gi^  abforption  refolting   from  ihc  inflammation  by  the  eleArie 
ibe  limvf  refuk  fpark,  give  the  fame    indication   of  oboat  U,SO   pvti  of 

Experiment  II. 

Two  grammes  (3 1  j^r.}  of  diftilled  water  were  put  into  •  ghiii 
(abe  bent  into  the  form  of  a  fyphon ;  two  wires  of  goM  of 
commerce  of  about  0,()03  inch  in  diameter,  paffing  into  tbe 
water  at  about  0,024  inch  dillance  from  each  other,  were 
inclofed  in  this  tube;  the  tube  wa4  then  placed  upon  an 
tuning  V^^T     horizontal  pile  of  fifty  double  plates,   of  about  3^   inches 
The  gold  wire  it '"  ^^^  ^'^^-    The  intervals  between  them  were  filled  up 
with  dry  fand,  and  then  moi/lened  with  river  water  acidulat- 
ed with  about  ^  of  nitric  acid.    The  wires  of  gold  having 
been  placed  in  communication  with  the  two   poles  of  the 
pile,  the  water  in  the  tube  alTiimed  in  the  (ird  day  a  reddifli 
brown  tint  at  the  fide  6f  tlie  copper  pole,   and  tlie  wire 
which  paflTed  to  that  part  was  covered  with  a  coat  of  oxide 
of  gold  of  a  deep  brown  colour.    The  wire  which  com- 
municated with  the  zinc  pole  did  not  aflfume  the  fame  tint ; 
the  gold  of  the  wire  was  diflblved  by  degrees,   and   was 
precipitated  together  with  a  part  of  the  filver.     This  pre- 
cipitate exhibited  with  a  magnifying  lens,   over  almofi  the 
whole  length  of   the  tube,   cryflals  in  needles.    The  wire 
correfponding  to  the  zinc  pole  was  entirely  deprived  of  the 
gold  which  covered  it^  and  then  only  confided  of  a  thread 
of  filver  of  extreme  tenuity.     But  very  little  gas  was  dif* 
charged  from  either  extremities  of  tlic  wires.    The  water  was 
not  diminifhcd  a  fiftieth  part  of  its  volume. 
The  pile  ton.         The  pile  continued  in  adlivity  40  days  from  the  28th  of  Mef- 
fcJtTdiys/^***  fidor  to  the  8th  of  Fruaidor.     It  indicated  then  on  the  lad  day 
Indicates  by  the  by  the  eledrometer  (fimplificd  by  one  of  the  Members  of  the 
l^^^'Jf  *"  Galvanic  Society,  from  that  conftrucled  in  Germany,  defcribed 
&|o*.  in  the  Journal  de  Phyfique  for  the  month  Meffidor,  an.  13,) 

2"^^?^^"'  an  intenfity  of  8  tO  degrees.     The  liquor  remaining  did  not 
subelbewtM    afford,  by  any  ^f  the  different  reagents,  the  leaft  trace  of 
2r**  ^  ^h^  oxidily ;  a  metallic  tafte  was  alone  perceptible  in  it. 
m^eMs,  and  The  galvanic  fociety,  in  examining  chicfiy  the  refults  of 

hata  aetaOk     (he  firft  experiment,  as  correfponding  more  particularly  with 
the  fafi  announced  by  M,  Pachiani,  have  confidcred,  that  fh 

allowiDg 
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■dowidg  for  the  fmali  qaintity  of  oxigen  which  btd  oadfed 
the  oxidatioa  of  the  ezlremitiei  of  the  goM  wiratt  the  whole 
qoentitjr  of  the  oxigen  csootained  by  the  gai  of  the  pile  muy 
be  valaed  in  a  very  near  approximation,  at  0,31  of  its  volume; 
and  it  is  very  nearly  in  this  fame  proportion  that  oxigen  gas  The  Society 
enters  into  the  formation  of  water ;  it  was  thought  that  it  ^*S^^. J^*^ 
might  thence  be  concluded,  that  the  whole  eflfed  of  the  only  decoi^oTci 
galvanic  pile,  during    the  entire   continuation  of  the  ex- ^  ^"'"^ 'i^^ 
periment,  had  been  the  decompolition  of  a  part  of  the  water  ^^^  ^^^  ^* 
employed,  and  the  feparatien,  in  their  fiaie  of  purity,  of^^  tf^At  Pit. 
the  oxigen  and    hidrogen  gafes  which  oompofed  it.     '^he  ^^l^*  ^^^^'^^ 
Society  then  are  of  opinion,  that  M,  Pachiani  was  deceived  the  acid  lonni 
as  to  the  nature  of  tlie  acid  which  he  announced  that  be^^'^l^'* 

^^  meat  was  pro* 

obtained,  and  that  this  acid  *  might  have  been  produced  by  duccd  l^  other 
feme  animal  or  vegetable  fubflance  employed  in  the  appara-  [^!!^|^" 
tos.    The  Society  does  not  hefitate  to  declare,  that  with  the  nooaoed, 
appamtas  which  they  uled  in  preference,  (as  being  the  mod  *"^  ^^  '' '' 
fimple,  and  the  lead  liable  to  the  influence  of  other  matters,)  effeSkamyriii 
they  do  not  think  it  poifible  to  efied  any  thing  by  the  adion  ^1  the  gtWanic 
of  the  galvanic  pile,  but  a  decompofition  more  or  iels  great|  ^^^^^^II^^J^ 
of  the  water  nfed  in  the  experiment.  tion. 


VIIL 

AccomU  qf  an  Ancient  Geographical  Tablet  in  the  Mujkum  qf . 
Cardinal  Borgia,  from  f  a  Memoir  prefcnied  to  the  Academy 
qf  Gotiingcn,  by  PaorBssoa  Heevkn. 

IN  the  Mufenm  of  Cardinal  Borgia  there  is  depofited  an  The  tablet  was 
ancient  geographical  tablet,  from  which  an  engraving  bas'^^'"^' 

*  M.  Giobert,  in  Van  Mon't  Journal,  pretends,  that  the  acids  Ctfdi&il  Bocjii. 
and  (alts  ufed  in  the  pile  eirculaU  along  tbe  nuires^  and  pals  into 
any  liquor  into  which  they  are  conduced  |  which  does  not  ap- 
pear probable-^-B. 

The  galvanic  apparatus  ufed  in  thefe  experiments  is  called  a 
pile  through  the  whole  of  the  French  paper,  though  from  its 
horizontal  pofition  the  appellation  does  not  feem  very  proper. 

f  This  memdr  is  entitled,  '<  explicatio  planiglobil  orbis  ter« 
ramm  fiKiem  exhibens,  ante  medium  fee.  xv.  fumma  arte  con* 
fefti }  aiptaatnr  fimul  de  hiAona  napparun^geognphkarom  rifte 
inltrttcnda  coniilia. 

Vol.  XIII.— FEBftUAXY,  18i>6.  M  been 
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been  DUtIc,  nno  of  the  itnpreffiaiu  of  which  ii  in  Uie  |W0 

Tbc  deCiin  ii     fion  at'  the  awhor  ot  liie  Memoir.     TJita  remarkable  dim 

J^nieur  "iDd     ™*"'  i*  not  a  cbatl  diawn  by  ths  pen.  but  a  (ound  tabid,  of 

daneinoloHTcd  wbJdi  tJ>e  delign  occupiei  a  fpaae  ubuul  (wo  bet  in  diaiiutert 

enamel,  q„  which  the  Itemil'plierG,  known  at  tl»l  liitu-,  U  tepiefsnlcA 

Kmittottta       in  coloured  enatneJ,  like  a  roiuiJ  rutfiice.     The  ciiuntriui and 

cvunUMi  ar»      ,|,g  pieces  are  marked  by  Ihor  proper  names,  but  Uxi  limitft 

acosiuiuiiifftKilor  Ihc  couiiiricj  are  not  traced:  ^^  muuntHint,  tbe  (ivef^. 

■"■"■'*"'°'"  ihc  p«Dple,  and  all  (he  ihingi  (emarkable  (u  the  aaimali,  |ba 

dung).  balllt;s,  the  caravani,  (lie  baean,  the  campi,  (he  waadeTKig 

H  Iribc!',  Sic.)  are  reprefented  and  explained  on  U  by  iorcriji- 

■  lioHf  in  the  latin  tongue,  bul  written  in  Gernan  dt*rad«ri> 

^L  ,  It  nuf  be  concetveil  iVom  thig  did  view  huw  interelling  thii 

^L,  tiiuntuncnl  it,  and  alfo  with  what  art  it  i(  execulod.  fo  that 

^^V  it  is  impolSble  to  luppofe,  that  i(  was  made  tut  the  ul'e  of  a 

^^H  prime  perlou.     lii  dale  it  not  mentioned,    but  It  may^  ba 

^H^  deicnnined  with  certainty  that  it  was  conilru£ted  in  tlie  fiiH- 

Wh)  rnrportd  ta  half  «f  the  liflecnth  ceiilury.     In  reality.    Ihe  mod  recent 

i«  thi  fiHl  hit^  ewent  marked  on  it  is  the  viflocy  of  (Tamerlaiie  over  U«^axel 

ottbs  fifticnth   in  I  iiM  i  there  ii  no  mcDlion  of  the  taking  of  Con(lan(ino}ile, 

lentury.  ^^  l^p  ^^^f^  (rare  of  any  of  the  difcoverie*  of  the  Potlugnefe* 

Ii ii  ibe  olitH     OF  the  geographical  chart;  known  at  prefent,  (hat  of  Mariao 

J^^'^'  SanaJo  at  the  commencement  of  the  fourteenth  century  If 

•he  clun  of        the  only  line  cerlarnly  mure  ancient  i   but  that  of  /Indrt  Bianco 

Stnudo.  (J-  |43g_  „,,j^.[,  farmalcoai  hat  made  known,  is  very  nearly 

of  the  fame  ihnc  as  ibis  monuBieot.     No  (ff^ncral  fource  of 

imfbrntattun  can  be  difcovcrcd  fcy  Khicb  (he  author  of  the 

tablet  hai  been  affiled.     It  [i  not  made  according  lodocu- 

Bienti  from  Pioleniy ;  it  more  fullows  thole  ot  (be  Arabianit 

efpecially  with  regard  lo  Africa;  of  (he  names  which  are 

found  in  (he  works  of  Atarca  Paolo,   and  the   other  more 

ancient  traveflers  in  A(\»,  only  fome  ire  feen  on  (hat  part  of 

the  world.    Tlie  extent  of  Europe  h  reprefenled  as  tnach 

greater  than  that  of  Africa,  and  at  lealt  b<  large  as  that  of 

'-ovden  tilled     Alia.     The  following  arc  foine  of  (be  mull  remarkable  (lor- 

Mjgn.Goihj.    tuiulaK  ol  it ;  Sweden  U  fet  down  under  the  name  of  Magna 

Benmiih  «min-  (•othia.  aiul  Denmark  is  wanting.     In  PrulIJa,  the  feat  of  the 

tii,  LUhinnuns  wars  of  (he  Teutonic  order  with  the  Liiliuanian?,  reprefeut* 

**"''     ed  with  this  inli:vi(>tii>n  :  Hicfitit  (oiffiniu  p»f:aioruai  «  cAryi 

tiumniM.  qui  i»  Prufia  udiuviton  watinao  MlaM.     It  may  b9 

|iefc«ivMl  by  Oiit,  (bat  ibe  Lithuanians  were  (herein  coo- 

fid««d 
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t^Mfed   at  I^tfgans,    althoagh   cftrHtfanity  ^a^   tnfroAic^d 

among  Ihem  before  this  period.     Xuffia  appean  nnder  the  RuAaorifed 

denoaiiimtion  of  Tartar^,  and  ntear  the  Cafpiiih  Sea  and  the  J^^^J^^l' 

fea  of  i^fof,  are  reprefentedthe  faffloas  Bazars  of  thofe  linef.  Baavn  f«. 

England  and  Scotland  appear  at  tlie  border,  but  there  is  no  P^^f^^^ 

more  room  for  Ireland.     Africa  exhibits  none  of  the  dif- 

coveries  of  the  Portuguefc,  biij  the  northern  half  of  it  wa^ 

known  to  the  author  as  far  as  Soudan.     He  names  not  only  Itcoatitnt  none 

the  viflages  alohg  the  coaft,  biiC  he  moreover  knows  that  the  ^l^p^^"^"^ 

inhabitants  of  mount  Atlas,    Ihe  people  of  Barbary  are  at  in  Africt. 

war  with  the  Saracens.     Near  thefe  mountains  is  infcribed, 

Jn  ilL's  montanis  habitant  phire$  prineipet  et  reives,  et  habitant 

contimto  la  tenloriis,  ct  pneiiantur  eontinuo  eoMrm  Saractnos, 

et  contra  juxta  cafira  et  civitates  *.     In  Egypt  the  jundion  of  Tkc  junafon  • 

the  grand  caravan  of  Mecca  is  marked,  and  not  only  the  **J  Jj^  ^^*"*''*J 

names  of  the  deferls  of  fand  are  inferted,  but  tbofealfo  ofiQ^y^i, 

tbe  places  rood  important  to  oomoierce,  as  Tagaza,  GaD»> 

fia,  &c. 

The  kingdom  of  Prefter  John  extends  in  Nubia  mb  ^/o  Extent  of  Prefter 

gajuUs  (Cape  Gardafan)  wque  ad  Jlaviwn  auri.     Bianco  like.  1^^^^)"''^ 

wife  fels  down  the  kingdom  of  Prefter  John  in  Africa  i|i 

the  fame  mannert   fo  that  the  Portaguefe  are  not  the  fir( 

who  have  thus  defcribed  it.     Alia  does  not  prefent  fewer  Camps  of  the 

(ingularitiej.     In  Afia  Minor  the  camps  of  the  Tartars  ar^  J.V*""  *"  ^^" 

Minor  mirkcd. 
reprefiented ;    TaHaria  reget  maxima^   qua   Tartari  cum  fuis 

jumentU  et  bobui  excurrunt,    civitatem  ex   wuiliit  tentoriis  H 
carutes  JUuant.     India  is  divided  into  India  fuperior,  where  the  divifloni  of 
the  body  of  St.  Thomas  is  found,  and  many  chriftian  l^'»nR- {fon'oV Cithlf " 
doms,  and  India  interior,  in  qua  Caihai  civiias  et  magnifcanvi  in&rted, 
Imperatorii  Tartarorum  fedes.     China  is  likewife  infected  in  it,  and  China  with 
and  its  capital  Cambalck  (Cambalu  Pekin)  is  alfo  named.  jJi^^^^peJ^^^^^^ 
On  tbe  frontiers  of  little  Bucharia  at  Organti,   (Ufg^i^g) 

*  The  Latin  of  the  infcriptions  in  this  paper  it  not  very  corrc6^, 
coutinuo  is  ufed  in  them  for  Jem^^  and  juxta  for  vicinal  the 
word^/lttui/ is  aifo  improper,  and  fome  others,  but  thefe  clrcum- 
ftances  perhaps  only  mark  more  ftrongly  the  anthenricuy  of  the 
account.  In  the  infcription  relative  to  India  interior,  a  fmatl 
alteration  hat  been  made  from  the  memoir  in  this  tranilatiov. 
The  word  magntfiemnis  has  been  formed  from  magni  eamis  in  the 
memoir,  which  bein?  fo  printed,  evidently  wa«  an  crrcr,— ^. 


» 
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Vht  remit  al     ic  Organti  ad  Carthagiam  oadunt  avncU  ia  qualuo 
Crtl^Ttbe "  ""^  caravans  goiug  and  reiurning  lo  Caihai  are  n-pn-ti-nied. 
of  Col  On  the  eaAcrn  border  llio  counlry  ol  Gng  arid  Atagog  u  Cet 


» 


Analijisqf  Birdlime,    By  M.  Buillon  LAiiR\HGl< 
Sect.  I. 


The  Origin  end  Prtporai 

Tiriaui  otiinioni   i.  HE  TubHance  known  by  ihe  nar 
Hmt,  has  been  dalTed  among  ihc  im 


tfbii 


:  and  appelUtio'  

ediaie  productions  of  Te- 


M.  FouKiayi 


jnfidered  this  mal- 


gctables. 

M.  Fourcroy  vva*  Ihc  firl!  perfon 
ter  lo  be  glulinout :  he  has  dcfcribed  it  as  a  fpecies  in  his 
"  S^ft^ne  da  Connwjfnncri  Ctiimi^un,"  Vol.  VIII.   p.  306. 

Birdlime,  according  lo  this  chemifl,  may  be  made  of  the 
berries  of  miftlcloe,  or  of  ihe  lerder  bark  of  l!ie  holly,  and 
fcveral  Other  kind;  of  trees,  mat'eratcd  rn  water.  Although 
tht<  TubfTance  appears  to  have  been  hithcrlo  not  examined  with 
fufficient  accuracy,  many  qualities  have  been  difcovered  tn  it 
analogous  to  thofe  of  gluten, 

Excepliiig  a  tew  ciiemical  properlies,  menlioned  in  ai^ 
*•  Manvd  d'an  Cfurs  de  Chimir,"  third  edllion,  I  have  nc\-er 
found  in  any  wotk  the  lead  elucidation  of  the  nature  of  ihU 
fmgular  fubftance. 

M.  Chaptal,  in  his  "  Ekmrni  df  C/i/mir,"  fpeaks  only  of 

its  prep«ralion.     Ai  Uie  method  prefcribed  by  ihisdiemtft  h 

nndiing  dilTerent  from  thai  in   Ihe  "  Mntcria   Mtdiea"  of 

Geoffroy,  and  in  the  "  Diftionari/"  of  Valmont  de  Bomarr, 

VjtoNint  de  Bo- 1  1^1,  ^„Qig  (he  ar,i^,|e  ;ifctC 

AMieoi  mo4c  "  The  ancients  made  ufc  of  the  berries  of  Ihc  miflleloe  of 
•^^P'""?  "•  «ek  in  Ihe  preparation  of  birdlime.  The  berries  being  firll 
puundingitu  boiled  in  water,  were  pounded,  and  the  hoi  water  was  then 
fcntiu  of  poured  off,  in  order  lo  carry  away  the  feeds  and  rhind.     Al 

°     '         prefent  birdlime  made  of  the  bark  of  holly  is  prelerred.     The 
middle  baik  is  made  choice  of,  a^  being  the  moll  icDder  and 


M.  Ctupul, 


*  Aanalo  d*  Cfalmie,  Vol,  LVI. 


green:  tfaisiipheed  inapittorot,  after  which  it  is  poinded  ttfnAMhU 
m  mortars  ontil  it  becomes  a  pafte,  and  is  then  waihed  and  buk nmrfiSr 
cieanfed  with  water.    This  fabfianoe  has  been  confideied  as  fowided. 
difeufive  and  emollient,  when  applied  outwardly." 

It  is  already  known  that  the  miftletoe  of  oak  is  employed  in  Miftlctos  of  aak 
feveral  pharmaceutical  preparations ;  as,  the  nniverU  water,  ^J^*  **"* 
the  antifpafmodic  powder,  Gottet's  powder,  '&c. 

In  England,  according  to  Geofiroy,  birdlime  is  made  of  the  "^tfi^  "o''  ^ 
bark  of  holly.    He  fays,  the  bark  is  boiled  in  water  feren  or  5^^^  ^^* 
eight  hours,  till  it  becomes  foft  and  tender.    This  is  laid  in  Bvk  of  heilw  U 
malTes  in  the  earth,  and  covered  with  fiones,  placing  o"^  ^***jLa"5ji 
layer  over  another — the  water  having  been  previoofly  drained  cd,aadkflca4Bd» 
from  the  bark.    In  this  Aate  it  is  left  to  ferment  and  nil,  da- 
ring a  fortnight  or  three  weeks,  in  which  time  it  changes  to  a 
kind  of  mucilage.    It  is  then  taken  from  the  pit,  pounded  in 
mortars  till  reduced  to  a  pafte,  wafbed  in  river  water,  and 
kneaded  till  freed  from  all  extraneous  matters.    The  pafle  is 
left  in  earthen  veflTds  during  fear  or  five  days,  to  ferment  and    ' 
parify  itfelf.    It  is  afterwards  pat  into  proper  veifeisf  and  that 
becomes  an  article  of  commerce. 

This  mode  of  preparation  is  not  nniverlally  fallowed^  at 
•very  county  has  its  peculiar  way :  there  are  even  thofe  wii9 
make  a  fecret  of  the  procefi. 

At  Nogent.le-Rotrott  birdlime  is  manufiidnred  by  cuttiiig  IMiod  padbsi 
in  fmall  pieces  the  fecond  bark  of  the  holly,  fermenting  them  ![  Vv*t-lsi> 
in  a  cool  place  during  a  fortnight,  and  then  boiling  them  in  Mt  retting  ana 
water,  which  is  afterwards  evaporated.  ^^  *»»J*»t « 

At  Comraerci  and  its  environs  birdlime  is  obtained  from  At  GomoMid. 
feveral  flirubs,  as  the  holly,  the  wild  vine  (viiwmum  Umkma, 
Lin.)  and  the  miftletoe  of  every  fjpecies. 

The  beft  is  that  made  from  the  prickly  holly,  whidi  is  green-  Btft  fert  from 
ifii ;  that  obtained  from  the  vUntnmm  toUoiM  is  of  a  yellowilh  ^|^^ 
tint.    In  uHng  (his  latter,  the  epidermos  is  rejeAed,  and  only       ^ 
the  fecond  bark  employed. 

The  birdlime,  which  I  ufed  fai  my  experiments  was  made 
from  the  fecond  bark  of  holly ;  and  on  compiaring  it  cunMlf 
with  feme  which  had  been -font  me  from  Cemmerd,  I  fooad  *'  '' 

there  was  no  apparent  difference  between  them.    I  thought  ' 

thb  piecaaiion  adential  to  obtaining  greater  precifion  in  my 
analyfis.    It  is  well  known  that  the  birdlime  of  commerce  is  ^ 
never  in  a.pare  Aite  i  it  is  ft^uently  m  compofitxon  of  vege^  * 

table 
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fsble  ind  inimal  nuUer;  fomelimcs  it  n  even  adulter 
vritli  (urprnlJne,  o>\.  vinegar,  &C.  It  was  iherelbre  n«ccl^  ~ 
(»ty  thai  I  (hould  be  cerum  ai  to  il.t  purity  ;  and  by  the  /ol* 
lowiriK  mode,  which  I  adopteO,  1  obtained  biidlinie  of  iba 
very  bell  quality. 

Having  prucured  a  fuflicienl  {)uaiilily  of  Ihc  fecnnd  bark  of 
holly,  1  bruifcd  it  well,  anil  boiled  it  in  water  for  Hiur  or  five 
houri :  the  water  beinff  poured  off,  I  dcpofued  the  bark  in 
piti,  in  eaithen  pani,  where  it  remaitied  till  roUen.  or  at  leafl 
till  it  became  vlfcous,  Dioifteoinf;  it  CrocQ  lioie  to  lime  with  » 
little  water.  When  it  bad  obtained  a  proper  degree  of  fer^ 
iDcnuiion,  it  wag  cicanfed,  by  wafhing,   from  all  heleroge. 


Birdlin 


is  of 


itidph^al  CharaStriJiic^  nf  Birdlinic 
a  greenitli  coloufi  and  of  a  four  davour :  it  tt 
Il£  Imell  rcfembles  thai  of 


:i 


L 


gluey^  l^tingy,  and  tenacious. 
[lofeed  oil. 

Spread  on  a.  glafs  ptale,  and  cicpofed  for  fomc  lime  to  (he 

a£l;on  of  air  and  light,  it  driet,  and  becomes  blown  in  colouft 

being  no  longer  vifcou;.     When  quiLe  dry,  il  may  be  re- 

d^ieed  to  powder,  in  which  flale  it  it  totally  divelled  of  its 

)  adhefive  qualities,  and  only  recovers  tbem  on  the  addition  of 

Birdlime  reddens  liiiQure  of  tucnfole. 

When  gently  heated  in  a  porcelain  velfel  it  mells,  but  does 
not  become  very  liquid;  it  fwells  in  bubbles,  which  float 
upon  the  furfaee.  This  kind  of  fulion  produces  fmBll  black 
gtaios,  which  render  the  birdlime  grumous:  ii  produces  ^ 
fmeil  very  fimilar  to  that  obtained  from  animal  oils,  on  railing 
their  teaipcrature. 

If  this  fiition  be  continued  for  Tome  lime,  the  biidllme 
airamcs  a  biuwnilb  colour ;  but  ieco\-ers  its  proper  charac- 
lerifiics  on  cooling. 

placeil  on  icd-hot  coalfi,  il  burnt  with  a  brifk  Dame,  tnd 
create;  a  gre^it  deal  of  Jmokc, 

Heafe^  in  a  ciucibte  ol  platina,  it  takes  fire  when  the  cru- 
cible it  red-liot ;  produces  a  lively  fiame,  which  rifes  to  about 
Iwfi  d^ctmetret,  accompanied  with  a  confiderable  quaniily  of 
fmokci 


J 


f,  mhiA  etfily  •ICflches.lo  the  chimney :  Out  oombttflioti 
aKnjs  laket  place,  although  Ihe  crocible  be  taken  oat  of  the 

6t9m 

A  whitiib  re6due  is  left,  which  is  very  alkaline  and  l>artljr  leaving  aa  «|Wa- 
iaiable  in  water.     Re*8genti   detapnflrate  the  prefenoe  of^'^'^^"'* 
faiphate  and  naariate  of  potafli. 

That  pari  which  water  coold  not  take  up»  on  being  pot  ExpcrliMalt  m 
ioto.mariatic  acid  wa^  diflblved  with  fome  effervelcence.  ^  nfidoc. 

This.  Uqaid  it  copioofly  precipitated  by  the  oiaiate  of  am* 
■wia;  pniffiale  of  potalh  gives  a  blue  precipilataii    That 
prodaccd  by  anmoaia  ii  of  a  pafiy  confidence,  partly  (blubte 
in  cnuiic  potaOi :  whaace  may  be  inferred  that  the  refidoe.  It  cootabt  ib« 
indcpendcnl  of  the  &lu  foloble  by  water,  it  compofed  of  tha  |^^J^^ 
carbonaiet  of  lime  and  of  alumfne,  with  a  froall  portion  of  lime,  and  alu- 

Wafer  has  very  little  influence  on  birdlime.    On  boiling,  Wafer  hm  lirk 
the  mailer  does  not  completely  diflblve,  but  acquires  merely  ^^  ""^  ^"^ 
a  fmall  increafa  of  iuidity,  which  it  lofes  in  coolings  and 
nTaoKi  its  primitive  confiftency. 

This  wnler  obtains  no  colour ;  itt  flavour  is  at  fkft  infipid; 
afterwards  four,  and  it  reddens  tindure  of  turnlble. 

EvapDffnled  to  ibe  confifiency  of  a  fyrup,  ii  becoaMf  co- 
knied,  with  a  mucilaginous  appearance,  which  may  be  fepa^  ■ 

nlfid  by  mlcohoL 

Tba  adioQ  of  water,  iherefore,  is  confined  to  the  folution  It  itkts  uptet 
of  a  mnciiaginoQs  fubfiance,  with  a  fmall  portion  of  the  ex-  '""''I"!** 
tractive  antler. 

It  is  noi  thus  with  cauflic  pofafh.  Its  concentrated  folu-  Caoftic  potalh 
lion  ibnns  at  once  with  birdlime  a  whitifh  magma,  which  ^^^^^1^ 
tnms  brown  on  evaporation,  with  a  feparation  of  ammonia,     gives  out  amaio* 

This  compofition  is  lefs  vifcid ;  it  acquires  a  great  degree  '^^ 
of  bardnefs  by  expofure  io  the  air;  and  ils  fmell  and  talie  are 
fiaiiar  to  thoie  of  foap. 

It  is  cfaiefiy  foluble  in  water  and  alcohol,  there  remaining  The  oompotnid 
hot  a  few  vegetable  dregs.     Thefe  Iblutions  are  affeaed  by  j^^*^ 
ftrong  acids ;  boi  thefe  kinds  of  decompofitions  prefent'  no 
new  phenomena  Io  thofe  obtained  with  a  folution  of  foap* 

The  moft  feeble  acids  foflen  birdlime,  and  partly  diflblve  it :  Weak  acidt 
when  concentrated,  they  aft  in  a  different  manner.  diffoWeWit^'^ 

Sulphuric  acid  renders  it  black  and  charry  :  by  adding  pow-  limc 
ikred  Bme,  fo  as  to  form  a  thick  magma,  a  fcparalion  of  ace-  ^^^J^^  ^"^ 

tic 


fv» 


I 
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tic  acid  and  ammonia  it  procuted.    There  can  be 
but  (hat  in  addition  to  (he  ncMic  acid  naiurally  pi 
birdlime,  more  is  produced  by  the  aQiun  of  ihe  (ulj 
acid. 

;  acid,  nhiin  cold,  liai  rory  lillle  power  over 
""didnd'""'^-  '"''  ""  '""eafing  lis  lemperaturp.  Ihe 


Rot  nitric  tci  J 


j'ellow,  dilTolvet,  and  a%  cvaporalion  advance)  fwellt 
Aciably,  leaving  at  laO  a  hard  brittle  mars.  Tins  mafa, 
a  fecond  time  fnbmitted  to  ihe  a^iiin  ol'  nitric  acid,  ii  dit 
folved,  a  part  being  converted  into  malic  and  oxalic  acidi. 
By  continuing  the  evaporation  a  yellow  mailer  li  oblained, 
eMy  friable,  yielding  to  the  pri'lTure  of  the  lingerii  IiIl«  wax, 
with  ■  kind  of  clalticil),  and  melting  by  meant  of  a  genils 
heat. 

h  t»-ni  Potadi  combiner  i>  itii  Ibis  matter,  cbanget  Its  colour  from 

*'•*  I**'    yellow  to  brown,  and  foims  peifcfl  fnap. 

iholriniiHr     Alcohol  partially  dilfolvcs  ii,  and  becomes  yellowilb }  its 

ivu  it>        Iranfparency  h  dimiiulliecl  by  the  addition  of  water. 

On  evaporating  the  alcohol  to  drynefi,  there  remains  a  yel- 
low mailer  divelled  of  Ihe  greafy  appearance,  which  yields  a 
fweel  odour  in  burning. 

1  nuriiiic         Cold  mjriatic  acid  has  no  a^ion  upon  birdlime :    when 

>n"  "Vu    ''**'"*  ■' '"""  ''  '*'^'^*'' 

I.  OxigcnaleU  muriatic  acid  operates  difTerentiy.     Either  bjt 

KiiHUd  m.    iQJKing  the  gas  wil)i  the  water  containing  the  liquid  birdlime^ 
.  cuiidits.'  "^  ^y  ibaking  it  in  a  bolile  with  the  acid  in  a  very  concenlraiod 
flair,  the  Ibliowing  phenomena  weie  equal!}  obferved  : 

The  birdlime  quickly  lofi  its  colour,  and  became  whhci 
it  was  no  longer  vifcid,  but  divided  into  hard  compad  por- 
tions, containing  in  their  centre  a  quantity  at  birdlime,  which 
Ihe  oxigenalmg  principle  bad  not  reached.  This  non-oxige- 
nation  may  be  attributed  to  the  difficulty  there  is  of  preferring 
this  fubflance  in  its  liquelicd  Aate  in  hoi  water,  whereby  tbt 
operation  of  the  acid  is  confined  lo  its  exterior  furface. 
uaatriAici  The  charaflcriflics  of  oxigenaled  birdlime  ate — 
iigtiuicd  I .  It  is  capable  of  being  reduced  lo  powder. 

2.  It  h  infuluble  ia  water,  even  when  healed. 

3.  U  docs  not  become  liquefied  at  a  high  temperature. 

A.  Ii  will  not  lum  yellow,  nor  will  it  rurm  a  reiin  wilfa 
tiilric  act<l, 

ACflOBl 
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AmcKU  acidfofteiil  birdlime  snd  diflbWes  a  certain  qnan- Acetmw  aekl 
liijr;  the  liquor  aoqaires  a  ^tHow  colour  ;  its  faHe  is  iniipid.    ^^^'^      ^^ 

Carbonate  of  potaQi  produces,  no  precipitate ;  evaporation 
gifttft  a  refinous  refiduum,  which  caouot,  however^  be  brought 
Id  m  Oate  of  perfed  dry >ieft. 

Certain  metallic  oxides  are  eafily  reduced  on  being  heated  BinUimc  re* 
with  birdlime.  **«??  »«*^ 

oxioet* 

Semi-vitreous  oxide  of  lead  affumes  a  grey  colour,  diflfolvet.  Semi  TitreMi 
and  forms  with  the  birdlime  an  emplaftic  mats.  ?^^^  ^  ^^*^ 

Alcohol  at  40  degrees,  and  boiling,  diflblves  birdlime  fo  with  birdlime. 
long  as  it  is  kept  hot  i  it  is  clear,  and  of  a  tranfparent  yellow  BoUiiig  alcohol 
colour;  but  in  proportion  as  the  liquor  coolsf  it  becomes ligi^^ 
tarbid. 

A  yellow  matter  may  be  feparated  by  filtering,  which  is  and  lets  fall  « 
much  (bfter  than  the  original  roafs ;  melts  in  a  moderate  heat,  ^J^^jnt  .^***  ^^ 
diAifing  a  fmell  analogous  to  that  of  wax,  of  which  it  feems 
lo  poflefs  all  the  qualities. 

The  filtered  liquor  is  bitter,  naufeous,  and  acid;  precipi*retaimiigartfia^ 
fating  in  water,  and  leaving  on  evaporation  a  fubfiance  fimiiar 
to  refin. 

Sulphuric  ether  maybe  confidered  as  the  true  folvent  ofSolphiiriccdMa 
birdlime :  its  aAion  on  this  fubflance  is  rapid,  firft  dividing  it,  oAlidiiait.**'^ 
and  then  difiblving  it  nearly  in  toto,  there  remaining  only  a 
few  vegetable  dregs.    The  liquor  acquires  a  greenifh  yellow 
oolour,  and  flrongly  reddens  turnfole.     On  adding  a  little  ^^^^^  ^<:p«^^ 
Watar  the  mixture  thickens,  and  the  ether  fwiros  on  the  top ;  \^^^x^^ 
but  if  a  fuflScient  quantity  of  water  be  poured  in  to  diOblve 
the  ether,  a  body  of  oil  is  formed  on  the  furface,  bearing  a 
copfiderable  analogy  to  that  of  lintfeed:  this  may  be  con* 
verted,  by  the  affiftance  of  the  femi* vitreous  oxide  of  leadf 
into  an  eropladic  mafs. 

By  evaporating  the  folutien  of  birdlime  in  ether,  a  greafy  Idkrby  evapo* 
fnbOance  is  obtained,  of  a  yellow  colour,  and  of  the  foftnefs  JJ^y  SJ^,;^ 
of  wax. 

Concli{fian^ 

From  the  foregoing  obfervations  it  will  be  perceived  how 
little  analogy  exids  between  birdlime  and  gluten. 

A  fimple  comparifon  will  be  fufficicnl  to  defignate  the  place  ^^^^'Li'dS'* 
it  ought  to  occupy  among  vegetable  productions. 

Bifdlime 
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Birdlime  it  vifcid,  daftic,  dries  •  little  io  the  air,  bjr 
pofure  to  which  it  becomes  brown ;  but  ft  not  rendered  brittk 
and  irrecoverable  like  glulen. 

It  melts  in  the  fire,  fwells,  and  bams  with  a  vivid  bhaaf 
but  does  not  diflfufe  that  animal  odour  which  is  to  be  ohfcffed 
in  gluten. 

Water  will  not  diflblve  birdlime;  it  merely  imbibea  Htm 
mocilage,  the  extradive  matter,  and  the  acetic  acid. 

Alcalicrs  diflfolve  it ;  when  concentratedf  thej  oOQVcrl  il 
into  foap. 

Dilute  acidi  foften  and  partially  diflblve  birdlime. 

Concentrated  fulphuric  acid  renders  it  bhick  and  cherry. 

Nitric  acid  turns  its  colour  to  yellow,  converting  the  fnk 
fiance  partly  to  inalic  and  oxalic  acids,  and  pvtly  to  refin  and 
wax. 

Oaigenated  muriatic  acid  renders  it  white  and  foUdt  OOB* 
fiituting  oxigenaud  birdlime, 

Alc-ohol  exerti  but  little  adion  upon  birdlime;  kdiflfalves 
the  reHn  and  deOroys  the  acid. 

Laflly,  fulphuric  ether  dilTolves  it  entirely. 
RecipituUdoa        Birdlime,  tlierefore,  differs  from  gluten, 
•fj*«  P'-*h»^  I  (I.  In  the  acetous  acid  which  exifls  in  it«  . 

l^fnm'glutm.     2d.  In  being  very  flighlly  animalized. 

5d.  In  the  mucilage  and  extradive  matter  which  may  ba 
obtained  from  it. 

44h.  In  the  great  quantity  of  refin  which  may  be  obtainad 
from  it  by  means  of  nitric  acid. 

.5th.  In  its  folubility  in  ether. 


T 


X. 

Method  of  puiifying  Oil.    By  M»Cvkavd b a v«* 


The  purification  •*'  H£  purification  of  oils  for  combuflion  confifls  folely  in 
f^^'j^^fi*' '»"  their  cUrification  :  Il  is  only  fince  Argand's  lamps  have  come 

into  common  u(e  that  this  fubjedt  has  received  much  attention. 
There  are  many  procefles  for  the  purification  of  oils,  but 

all  are  not  equally  good ;  and  thofe  who  fell  purified  oil  isake 

a  fecret  of  the  method  of  purification. 

« 

*  From  Cours  camplot  d^Agriculture,  Tome  XIT. 

Howeveri 
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Hcmtreft  It  the  art  of  parifying  oils  ought  to  be  linown 
by  Hiofe  who  manofadure  theoo,  the  procelFet,  which  aro 
coofidered  the  mod  econoinical  ami  fimple,  fliall  be  here 
nenUoned;  by  which  information  they  wilt  be  able  to  obtain 
that  pio6t  which  thofe  now  make  who  follow  this  fpedes  of 
iodufiry  after  them.     ^ 

The  procefs  for  the  purification  of  oil  by  fulphnric  acid|  Proceft  by  (vU 
which  followt,  ii  tittle  ditferent  from  that  pubiiOied  byj!^^,''^^ 
Thenaid, 

To  one  hundred  parts  of  rape  oil  one  part  of  fulphuric  acid  Salphoric  uU 
IS  to  be  added,  diluted  with  fix  times  its  weight  of  water;  ^^thlt^-'d^ 
the  asistare  fliould  be  ilrongly  agilated,  and  as  foon  as  this  is  mixture  ftnMig:|f 
completely  finiOied^  it  is  left  Aill  till  the  oil  becomes  ^!^^l*iSt^^t£^ 
when  it  is  perfectly  clear  the  purification  is  effeded* 

There  remains  at  the  bottom  of  the  veflcl  an  acid  liquor 
fome what  coloured :  the  oil  is  to  be  feparaied  from  the  ftdi^'^^*^^  ^'^*' 
ment ;  and  in  order  to  be  certain  ihat  no  acid  is  retained  by  fedknent  j  m  «, 
the  oil,  fome  ounces  of  powdered  chalk  is  to  be  added ;  the  ^«^  chalk 
mixture  ihould  then  be  ft)aken«  and  the  oil  again  left  M^i^lafjin/a^^k 
to  fettle.  to  fettle. 

The  adion  of  tbcL  fulphuric  acid  in  this  pfocefs  confids  in 
depriving  the  oil  of  all  its  humidity,  although  it  is  itfdf  mixed 
with  water,  and  in  feparating  from  it  a  mucofo-extradlive  The  acid  in  this 
fubftance,  the  prefence  of  which  diminifties  the  energy  of  the  Ke'muSfole.!! 
combuftion  of  the  oil,  covers  the  wick  with  diarcoal,  and  traAWe  mattes 

produces  much  fmoke :  It  is  then  on  the  abftradion  of  thefe  ^'?!°,^.*"'»  . 
'    .  WDKA  injures  Its 

principles  foreign  to  the  oilf  that  its  quality  of  giving  a  good  comhuftioa. 

light  depends. 

Anotlur  Methods 

The  next  procefs  to  be  defcribed  has  been  followed  by  fome  Proeefi  hj  ioof 
manufadurers,  who  have  had  good  fuccefs  with  it.  ^'^  water. 

To  one  hundred  parts  of  rape-feed  oil  ten  parts  of  water  Floarani  water 
are  to  be  put,  to  which  one  part  of  wheaten  flour  has  been  ^^h^MwU  ^ 
added  i  the  mixture  is  to  be  well  agitated,  and  then  to  be  agitated,  and 
heated  until  all  the  water  added  has  been  evaporated,  or,^^^/^ 
more  properly,  uptil  the  oil  bas  ceafed  to  have  any  union  contained  mat- 
with  the  fttbflances  which  it  held  in  fufpenfion :  In  this  Oate  ^",^|^^f^ 
it  becomes  purified;  and  at  the  end  of  twenty-four  hours  it»^if|^jn|yy, 
is  very  clear,  and  does  not  di^er  at  all  in  quality  from  that 
prepared  by  fulpbiri^  adcL 

In 


•nit  h(i(  ihouM      to  lh«  pfaflice  of  (his  laft  procefi,  cate  fiioulcl  be  tt 

k  ipplled  bHt  the  oil  gradually,  and  not  to  raifu  ill  Icmpwiture  J_ 

fc^un^^j'i™      ^^  degree*  of    Keauinura  thermometer.    (212    FahrenKcil) 

Miccd  «□■        ThiK  hea<  i)  fufficient  lu  cSeQ  itie  co^on  of  the  flour,  md  oF 

Reaumur.  ^j^^  w  ucofo-exiraflive  mailer  contained  by  ihe  oit ;  a  greatcc 

degree  of  heal  would  colojr  the  oil,  and  deprive  i(  of  theip* 

pearance  moll  Tavourable  (o  it(  file. 

M.  Cunudtw        M.  Cuiaudean  wai  led  to  thii  procefs  by  an  obrcrvatioD, 

J^  '^"i^'""    which  every  one  may  likewife  make.     Il  is  well  knoveo  thai 

the  fepjration      ihe  fauce  called  melled  butler,   wlien  <od  tnueli  boiled  is  fepa- 

of  wtiitc  fiuce    laied  into  two  patit,  one  whidi  ii  ihick  and  occupiei  Ihe  bol* 

*ifioa°whM      lom  uf  ilievelTel,  while  ihe  other  pad  is  dear  and  ftooti  above 

•a  much  done,  [lie  firl) :  The  lower  (ubtlancc  it  the  caleous  pari  of  ibe  butter 

H  united  lu  Ihe  flour  that  lias  been  added  to  Ibe  faucc,  and  wittdl 

B  theadioi)  of  llie  life  bas  frpaiated  fiom  the  oilj  The  upper 

^M  fubflancc  is  (he  bullcr  deprived  ot  all  lutoign  nailer ;  and  in 

^L^  thii  Rale  it  may  be  called  pui-ijicd  biuirr. 

■ 

^^K  On  a  peculiar  Flu&uation  itf  the  Hictr  Dordogne,  roUrd  d» 

^^p  Majian-t.     By  M.  Lagk*ve  Sobbii  *. 

•  M.  HEpeculiarmovpraeiiloflhewafersoftheRiverDordogtie, 

Tkcnurcuti  whidi  i!  called  ibe  Majhirci,  lakes  place  twice  each  day  inlh« 
•1ien?hV*w^«'^^"""'"''''"«'  «*'■'•  '*c  ■u.-atcrs  arc  low,  which  is  an  eflenlial 
velow.  condition,     A  fimilarmolion  alfo  lakec  place  on  ibe  river  Ama- 

zons according  to  ibe  report  of  M.de  iaCondamJne,  wbenhii 
Tht  Potonc»  of  named  ibe  Poiotoca;  the  fame  is  alfo  perceived  at  the  Orcade*. 
Smiwinr  "^  '''^  "*'"'  °^  Scotland,  according  this  author :  and  M. 
I  i)kt  occurrence  Sorbie  has  fcen  accounts  in  the  publications  of  fome  voyagen 
■tthcCteidti,  of  iti  |i|iew,fe  orcuring  in  fome  of  the  riven  of  Hudfbn'i 
^HMbaiCj'.^y-  and  alto  in  ibeMifliflipi. 

S-'ic"  '^  ''  '*  '"''  ^^'P"^'^S  '''^'  ""il  phenomenon  does  not  happen 

^''  in  all  rivers  J  it  is  not  always  feen  even  in  ihe  Dotdogne. 

From  the  moft  exifl  nbfervatbn,  if  (be  fummcr  is  not  dry, 

and  tba(  tiic  waters  ate  not  lovr  to  a  certain  degtee  the  Maf- 

catet  doei  not  appear,  K  rarely  occuri  in  winter ;  il  however 

'  Journal  de  Pbjfique,  LXI.2B6. 
•Ji  foraMimet 
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loAiatiiiies  takes  place  durinf^  very  hard  fro(k»,  when  the  cold 
has  diiDinifliad  the  waters  by  the  formation  of  mach  ice ; 
but  this  happens  very  feidom,  and  has  never  been  more  than 
ttiree  times,  in  feveral  ages. 

There  is  a  maximum  of  depreffion  in  the  waters  neceflfary  The  mariners 
to  its  appearance ;  Wherefore  the  mariners  in  the  neighbour-  |;,"f  ^^^  \^ 
hood  of  Boofdeaax  are  in  the  habit  of  talking  of  it  fome-  lovmelt  of  thv 
what  in  this  manner,  "  The  waters  have  fallen  fo  much,  the  "^^* 
tide  will  encreafe  to  day  to  fuch  a  height,  we  (hall  have  a 
MafiBaret'\  and  they  load  their  barks  accordingly,  and  take 
precaations  to  avoid  it.    The  manoeuvres  of  tbefe  mariners 
have  canfed  fome  natoralifts  in  the  vicinity  of  Bourdeaux  to 
obfcrve  long  iince,  that  this  phenomenon  moft  depend  on  u 
natural  caufe,  coooeded  with  the  bed  of  the  river»  fince  thefe 
neo  can  foretel,  without  being  fcarcely  ever  miflaken,  by  the 
depreffion  of  the  water,  whether  the  Mafcaret  fhall  appear 
or  not,  although  fometimas  it  has  not  appeared  before  for  fome 
years,  becaufe  the  rains  have  prevented  the  waters  from  di« 
minifhing  to  the  necefTary  degree. 

No  one  has  yet  tried  to  explain  the  caufe  of  this  fingolar  no  aecoont  of 
fad,  not  even  M.  Condamine,  or  if  there  be  any  works  on  the  Jj^i^J!!*' 
fubjed,  they  are  unknown  to  the  author  though  his  (Indies  have  poblilhed. 
been  particularly  dire^^ed  in  the  line  where  fuch  information 
might  occur,  and  he  has  read  much.   In  order  to  enable  others 
to  account  for  the  £i£ts,  he  mentions  thofe  which  relate  to  it  fuch 
as  he  has  himfelf  feen,  and  fuch  as  he  has  been  told  have  been 
witneflfed  for  feveral  ages. 

In  the  fummer,  or,  more  properly  fpeaking,  when  the  waters 
are  lowp  there  appears  at  a  little  diftance  from  the  jundion  of 
the  Dordogne  with  the  Garonne,  or  at  Bee  d'Ambcs,  an  ac-It  conttftt  of  an 
cumulation  of  water,  like  a  promontory,  on  the  (bore,  which  ".^'^""iJhUh  ^ 
is  from  the  thtcknefs  (if  a  ton  to  that  of  a  fmall  houfp,  and  appcart  firft  at 
which  rolls  along  with  fuch  velocity  that  nohorfe,  whatever ^^^''^"*^» 
might  be  his  fpeed,  could  keep  up  with  it.     It  follows  the  an<l  raihet  up 
direftion  of  the  (horc,  and  makes  a  moft  frightful  noife.    The  ^^J^ vriodif, 
hofffes  and  oxen,  which  feed  in  the  meadows  near  the  river,  and  a  frightital 
run  away  with  their  utmoA  fpced  exhibiting  the  greateft  ter-  "^'^^  ^ 
for ;  (b  much  fo  that  they  remiin  trembling  a  long  time  afler^  cattle, 
and  cannot  be  driven  back  but  with  much  difficulty.    The  J?* >*** '^***'^ 
ducks  and  geefe  have  alfo  been  feen  io  precipitate  therafelves       ' 
into  the  reeds  at  its  approacbi  with  the  greatefi  fpeed  and  af- 
fright 


r 
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fright,  •ii'I  l<u  <l4t  iheie,  willitiut  being  able  In  cataa  oat. 
ntrtamt  the  Hard  bodies,  wtiiili  lie  m  tile  way  uf  Uw  Mafcaret  ve  ftnidi 
SjTr '1^^'^«,  by  ''  "'"^  f"*^''  '"""■e.  llial  Uie  pk-n,  buiJt  for  lli«  ufe  of  Um 
tbMl«gefton«  velTds,  alon);  (he  IhoreafC  dcmoljdied.  and  fume  of  ih«  Doom 
thtm  more"'  which  compote  ill  em,  alllioogli  very  Urife,  are  driven  away 
tban  fift^  fMctt  mare  than  fiiiy  paijs ;  ihe  ftrongefl  Uee»  aru  torn  u(>  by  the 
iwtu  bm  '^™''''  "■*  bark*  which  il  meet^arc  not  only  funk.,  bo(  brdion 
Buib,  the  afunder,  efpecially  if  [hey  wi  nuat  (be  (horti,  or  have  u/ 
"d'Jielk' ^d" '""'  '""'''  '^'"*  '«"«*'''  'hem.  From  ihe  place  called  &b 
feliinplecct.  '  Andre  (S<.-u  the  liiwor  pari  of  Flare  IV.}  an  iltu  rlvar.  iht 
AboKSL.Aiidre  Makarei  tivm*  iifcif  iiilo  wavea  whicb  half  jtt  breadth  u  Car 
i»iTO^"l»ve  "P  wCavernc!  ihere  ji  dilappears  for  a  ftiorl  lime,  loappav 
Aiqiie  i)  r«n  in  again  between  Alijue  and  Lile  like  a  prom»niory,  and  llm 
!b  ^it"  gj'™'  "='"""  '"'<*  'I*"  '"""  ■>'  waves  ai  tar  on  as  Terfac ;  at  Ter^ 
siiovc  Lilc,  11  it  regains  iifcdrllappearaiicei  which  it  only  quits  at  Vayne;  (taa 
^"'^'^Kfirft  Vayneilproceed»alonglliclwnkasfara*  Fronfjc,  Ihehoulcif 
•pponnce ;  M.  de  Kidielieu  i  Itoid  tionlac  it  occupie> tiie  whole  bre«4tb  of 
"  *^  j"'"J^  H"^  river,  palTtii  with  a  terrifying  noife  behiie  (be  «ilbji«  of 
whtric  brridih  Libournc,  throws  the  road  fgr  velTeU  belonging  to  tbi«  vribge 
of  the  liver,  into  confufion,  and  aftertvards  appears  at  Genilac-le*  KeauK 
Cflmgtne  with  *"'^  *^  Pcyrelila  with  but  very  little  force.  The  whole  yatfu 
>  nrtible  nwre,  in  ihc  courfe  of  feven  ur  eight  league*. 

Piynfitt"  ■'  The  following  is  the  accouNl,  wh.ch  M.  la  Condaniifiegivw 

Actountof  ihe   of  the  Piiroroeit  of  the  river  Amaeons,  the  coinparifwn  of  the 

^^'  °"  *'  effea*  Bf  which  with  thole  ot  the  Malbarel  will  tend  lo  «Jl»- 

bhtt)  the  ibeary  of  ihefe  phenomena. 

B  InhiivoyagelolhtrivL'rAmaz'ins,  pageh>3,  lie (clalen. tt^ 

^1  '*  between  Macapa  and  Cape-FuK,  wheic  ibc  channel  of  ibe 

^^L  liver  U  aiofl  conlined  by  ihe  tOandt,  and  erpeciully  uppo&M 

^^L.  Iha  mouth  of  the  Arawary,  which  jiunt  the  Ainazuns  itn  Iha 

^^B  north  fide,  the  flowing  ol  the  fca  exhibits  a  fingular  pltmo* 

^^H  menon.   During  the  three  day*  next  the  full  of  the  new  oKKuiii 

^V  the  timet  of  the  highcfl  (idea,  (hefea,  inllead  i>l  taking  almoli 

^F  fix  houti  to  lilt:  arrives  at  ilsgrealefl  hcighlh  in  one  or  two  ni* 

^^  nules ;  it  Biay  be  conceived  that  this  docj  not  happen  qidetlf} 

■     it*  rv>'(t  k»rd    there  it  heard  al  a  league  diftance  a  terrible  noife,  whldi  a». 

3'ihnMf"*        Dounceuhei*ororoci;,  which  is  ihcnameihal  the  Indians  oflhdo 

li idoDcci  is     parts  give  lo  this  frightful  flood.  In  pniportion  asitapproacbea 

h "mi""'     tbejioite  encreafes.and  fuooaoaccumulttionof  waler,  like  apro* 

fiiiunlctibljji,  inoniary.  appcart  fioiu  12  IB  likei  high  I  after  thai  sRMlwr 

il  feeu,  then  a  Ibirdj  and  IJumeliaies  a  luutth,  which  foUew 

■2  each 
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«acb  odier  dofely,  and  which  occupy  the  whole  breadth  of 

Uw  ofaanneL   Thefe  wavoi  adrance  with  a  {Kodigioas  rapidity^  ivhkli  niA 

break  and  overhirn  every-  chiD?  wh»ch  oppofes  ihem.    I  have  ^^^^^^^  f^^ 

r         '     c  I  I  .rij-i  ^^'^  rapidity, 

teen  in  foroe  places  a  Urge  «itent  of  land  carried  away,  great  ^14  oTcrtarm 
ifBOt  torn  up  by  the  rootle  and  ravages  of  ail  kinds  committed ;  f^^/y  thing 
every  where  that  they  pafi  the  banki  are  fwept  clean ;  the  them,  cury 
canoes,  Che  pirogues,  and  even  the  barks  can  only  elcape  their  a^ay  ^^  por* 
fury,  by  anchoring  in  deep  water.    After  having  examined  ^^*  \^  ^ 
this  phenomenon  with  attention  in  different  places,  I  have  al*  up  trees  by  the 
ways  remarked  that  it  only  takes  place,  when  the  rifing  flood  J*^'.  ^^^^ 
is  engaged  in  a  narrow  channel,  or  meets  in  its  way  with  a  ia  narrow  chan* 
bank  oT  fand,  or  a  (hallow  place,  which oocafions  an  obftade  ^^'^"^^  ^ 
to  it ;  that  it  was  in  thofe  pUices  alone  that  this  impetuous  and  jow  pLcei. 
irregular  movement  of  the  waters  commenced,  and  that  it 
ceafed  a  little  beyond  the  bank,  when  the  channel  became 
deeper,  or  grew  confiderably  wider.  It  is  faid  that  fomeihing  it  ceaied  whsia 
fimifav  to  this  happens  at  the  iOes  of  tbeX3rcades,  at  the  north  f*'^  f*^ 
of  Scodand,  and  at  the  entrance  of  the  Garonne,  (it  (hould  be  or  wkkhT^ 
the  Dofdogne}^  in  the  vicinity  of  Boordeaua,  where  the  e£i  ^ 
feds  of  thefe  tides,  is  called  a  M^fcar^." 

It  appears  from  what  has  been  cited  from  M.  Coodamine, 
that  the  eficds  of  the^Pororooa  are  almoA  the  fame  as  thoTe  of 
the  Mafcaret.     Nevertheleft  there  is  a  marked  difference  be-  DifTerenee  be- 
tween them  in  this  refpedi,  that  on  tiie  Dordogne,  two  kinds  |]^^cam*aiia 
of  floods  take  place,  one  which  extends  over  the  whole  river,  Pororoca. 
and  is  fimilar  to  that  which  M.  Cundamine  has  obferved* 
and  the  other  which  ranges  along  the  Qiore,  rolling  more  over 
the  depofits  which  the  waters  have  left,  than  in  the  water  itfalf.. 
He  fays  pofitively  in  page  194,  that  "  at  one  or  two  leagues 
a  frightful  noife  is  heard,  which  annonncea  the  Pororoca ;  at 
it  approaches  the  noife  encreafes  ;  and  (bon  an  accumulation 
of  water  appears  from  12  to  15  feet  high,  and  then  another 
that  fellows,  which  occupies  the  whole  breadth  of  the  chan* 
nei".    On  the  Dordogoe  the  Mafcaret  rifes  with  great  noife,  farther  partioa« 
fometimes  akmg  the  coaA  in  an  elongated  accumulation,  and  ^'*  o^^^^- 
fometiaciB  in  the  form  of  frightful  waves,  which  extend  over 
tlko  whole  river ;  when  it  fellows  the  (hore  it  only  appears  in 
the  re^entrtng  angles,  and  on  the  Cuid  hanks,  as  Is  defcribed 
in  the  Iketch  of  the  plan  of  the  river,  which  acDompanies  this 
acconnltf  And  which  tikes  in  the  whole  extent  where  the  ef- 

feds  of  the  Mafoartt  am  pnrcttvtxi.    The  parts  covered  with  Defcriptioii  of 

(mall  *»>«  ^"-^h  <>/  , 

tbe  courfc  of  the 
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Mifutetia  the  fmaltpornh,  indicate  IhcTanJ  bunk)  wher«  ihcMircaretgl 
"""•  comrocnco*  j  the  pans  oci-upii-d  by  fmall  line*,  are  Ihe  place* 

where  ilic  waves  occupy  (he  whole  breadth  of  ihp  trvt-r.  The 
dolled  purls  indicate  the  re-enlrin|;  an^leii,  where  ihe  Tand' 
Iianks  are  found  which  arc  dt-poCted  by  (he  counter  currant- 
II  ii  here  principally  that  Ihe  Mafcarel  roll^  with  all  its  liirjr- 
over  the  mud  of  the  river.  On  the  banki  ihe  falienl  anglet, 
are  the  places  where  ihe  Marcarel  quits  ihe  (hore,  occu)Hei 
Ihe  whole  river,  and  runs  upwards,  accompanied  by  many 
confiderable  waves,  which  fucceed  each  other,  lill  anotbot' 
re-entrii)g  angle  occurs,  where  rl  again  refumes  ilt  fitft  fvtm. 
It  is  thus  that  Ihcfe  who  dwell  in  the  vicinity  of  BoutdeauX' 
witnefs  wiihoul  emotion  twice  each  day,  wlien  the  waters  are 
low,  (o  extraordinary  a  pliciioraenon,  without  any  one  lltinking 
of  examining  into  the  caufe  oT  il,  or  even  of  com munica ling 
Hie  parltculars  lo  natnralills. 
Ttie  tide  ii  iba  The  primary  caufe  of  this  rirmg  of  ihe  water  is  tho  fame  as 
piixriHjr  caule  ^  'hat  of  ihe  tide  in  all  rivers;  ami  if  the  Mafcarcl  occurs  un  very 
,  iE  K  becaufe  their  beds  are  not  formed  in  a  manner 
recelTary  to  produce  il,  and  have  not  the  fame  drfpofilion  as  the 
Gironde  anil  Doido^e:  Ihey  have  either  loo  little  or  too  great 
a  current ;  iheir  waters  are  not  fufficienlly  low,  or  when  ihey 
are,  Ihe  tide  does  not  continue  long  enough ;  finally  ihe  re- 
enlring  and  falieol  angles  are  not  fuch  as  they  ought  lo  be.  Mp 
Sorbie  Ihinkt  he  could  tell  before  hand  wliellior  any  river  larotild 
be  liable  lo  fuch  elR-£l<,  from  the  forni  of  its  plan  and  the  difpoli- 
lion  of  its  bottom ;  and  is  ot  opinion  that  the  caufe  why  more 
lirers  are  noi  ful^odt  to  the  Mjfcarei,  depends  enlinely  on  tha 
fliape  lit*  iheir  beds  and  not  on  any  pariicularily  in  their  tides. 
The  phyfical  caufe  of  tiiat  on  the  Dordogne  appears  very  fimpte^ 
M.  de  la  Condamine  fays,  ihat  on  lite  Amazons  it  is  always  at 
ibc  narrow  parts  where  it  isobferved.  The  caufe  ii  not  the  fame 
on  the  Dordogne,  for  there  is  no  narrow  parts  in  almof]  it« 
^  whole  courle :  it  is  nearly  every  where  very  rapid,  and  of 
fmall  depth,  as  all  Ihofe  rivers  arc  nh>ch  have  much  current* 
It  forms,  as  may  be  feen  in  Ihe  plan,  many  turn!  at^d  wiD<lin{Si 
and  has  few  illes :  but  at  each  angle  a  bank  of  fand  is  dep<^ 
filed:  It  defcends,  noiwitbflandiiig  Ihcfe  windings,  almoA 
from  the  eafi  tothe  norih>well.  As  far  as  Bccd'Ambe!:.  where 
it  unites  wilh  the  Garonne  which  is  much  laore  powerful  than 
il,  and  Ihey  form  logetlier  thai  beautifuJ  arm  ot  the  fea,  called 
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ftie  6ironde.     The  two  rivers  Ihen  defcend  together  from 

Bee  d'Ambes  (o  the  Tea  in  a  dlre6tion  from  the  eaft  to  the 

north- wed.     Alt  the  waters  which  arrive  from  the  arm  of  the 

iea  or  from  the  river,  advance  in  a  (Iraight  line  with  abundance 

iinto  the  mouth  of  the  Dordogne,  inftead  of  mounting  up  the 

Garonne,  which  runs  almod  north  and  fouth  as  far  up  as  Bour- 

deaux.    The  greateft  part  of  the  waters  which  are  advancing 

to  the  Garonne,  ought  then,  when  the  current  has  taken  its  fuppoied  to  be 

courfe,  to  run  up  the  Dordogne  at  the  beginning  of  the  flood,  ""^*J^  ^  ^^ 

fince  its  velocity  does  not  allow  them  time  to  turn  up  the  Ga-  way  to  the 

ronne  ;  and  thus  the  water  which  ought  to  jro  to  the  Garonne,  0«ronn«,  taking 

mnnmgtip  the  Dordogne,  form  by  their  abundance,  this  effect  courfe  up  the 

which  Condamine  recites :  He  fays  thai  *'  the  tides,  which  Dordogac. 

ufually  take  fix  hours  to  rife,  arrive  at  their  full  height  in  one 

or  two  minutes''.    But  on  the  Dordogne,  the  tides  never  come 

to  their  highed  level  in  near  fo  (hort  a  time,  even  when  the 

waters  are  loweft ;  but  in  one  or  two  minutes  they  encreafe 

confiderably  ;  which  encreafe  is  probably  caufed  by  the  waves 

which  arrive  almofi  inflantly  ;  and  the  flood  raiting  their  mafles 

of  water  above  their  natural  level,  leaves  them  there  to  aug« 

ment  the  water  in  the  bed  of  the  river  in  proportion  to  their 

bulk.  I  After  the  Mafcaret  has  pafled,  the  waters  of  both  rivers 

encreafe  in  the  fame  gradual  manner  as  thofe  of  all  other 

rivers. 

M.  Sorbie  likewife  thinks,  after  all,  that  the  tideof  theGironde  It  may  aifo  be 
may  be  the  caufe  of  the  Mafcaret  on  the  Dordogne,  for  it  pours  ""^*t  ^7  l!l? 

.      '  .  .  .       ^    .       ^      .  .        •       rt        .   .     tide  of  the  Gi« 

Us  waters  into  the  mouth  of  the  Dordogne  in  almolt  a  right  ronde  rufliing  ia 
line;  this  arm  of  the  fea  being  at  lead  fix  times  larger  and •  "^^' '*"^ '"^ 
deeper  than  the  Dordogne,  ought  at  the  flood  to  carry  up  fuch  the  Dordogne, 
an  abundance  of  water,  as  could  not  enter  into  the  bed  of  this  ^^d  by  the 
river  vyilhout  occafioning  the  accumulation  of  waters  defcribed.  ^jj^^  ^^^^ 
The  phydcal  caufe  then  of  ihe  Mafcaret  is  the  contiderable 
mafs  of  water  which  arrives  from  the  Gironde  into  the  mouth 
of  the  Dordogne,  and  the  fmall  depth  of  this  river ;  Once  it 
is  known  that  in  rainy  feafons,  and  when  the  river  is  a  little 
encreafed  in  fize,  this  circumftance  never  takes  place. 

M.  Sorbie  remarks  in  concluGon  that  the  fadts  related  fhew;-emarks  on  the 
evidently  that  the  flowing  and  ebbing  of  the  tides  of  rivers  j|fp'^;^^''^'J^» 
•re  diflferent  from  thofe  of  the  fea ;  that  the  ebbing  and  flowing  caufed  by  the 
uf  riven,  arc  only  fecondary  effbas  of  the  tides  of  the  ^"^  •  Jjfrmtn  ^^a*  dVai 
Ihalf  is  to  fky,  that  the  waten  of  the  fea  only  form  a  dam  to  acrofs  thoir 
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thofe  of  the  rivert,  and  (hat  the  rivers  form  by  the  abandanoa 
of  their  wateri,  thofe  rapid  6ood-tides  which  are  obferved  ov 
the  great  rivers,  fuch  as  thofe  of  the  river  Amazons,  whicb 
afcend  from  5  to  100  leagues,  thofe  of  the  Senegal,  whidr 
advance  almoft  as  far  up,  and  thofe  of  other  rivers  ahnofl 
equally  confiderable.  M.  Sorbie  thinks  that  the  Mafcaret,  cc 
the  Pororoca,  have  altogether  the  fame  caufe  as  the  flood-tide 
of  rivers,  and  though  foine  flight  fecondary  efieda  occer, 
fuch  as  thofe  related,  that  all  arife  from  the  fame  phyfical 
caufe. 


XII. 

DcfcripHon  qf  a  ficret  Lock  qf  ten  thoujhnd  Combinatioiu. 

W.N. 

0SfqaIfitioo  JL  HC  common  lock  ufually  confifts  of  a  bolt,  which  reqairai 
STr!^^!^  aparticular  inflrument,  called  the  key,  to  pufli  it  backward 
Mu  siMfl  forward  ;  and  in  order  (hat  this  bolt  may  be  inacceffibte  ttr 

viola(ion,   certain  impedhnents  or  obftacles,    ufually  calM 
Bolt>ke79         wardf,  are  interpofed  between  the  key-hole  and  the  bdkt 

kdu*  j^eietoa-  ^^^^  ^^^^  '^  difficult  to  open  the  lock  by  any  general  or 
l^ji,'  common  procefs.     The  general  procefs  for  picking  alook^  of 

which  the  key  has  not  been  feen,  confifts  in  operating  upoa 
the  bolt  by  a  fmall  bended  inflrument  or  wire ;  or  elfe  by  eiK' 
deavouring  to  difcover  the  pofition  of  the  wards  by  an  uapnr^ 
forated  key,  on  the  foce  of  which  fome  foft  or  plaftic  matter  i» 
lodged.     And  when  this  filuation  is  once  difcovercd,  it  it  not* 
difficutt  to  fi\t  away  fo  much  oi  the  key  as  (hail  allow  H  ttf 
paff,  or  elfe  to  feleCl,  out  of  a  number  of  fkeleton  keys,  one, 
of  which  the  form  (l^all  admit  of  its  paffing  through  the  lock* 
There  are  many  locks  fo  fi(ua(ed,  as  for  example  in  the  vefr 
tries  of  churches  and  other  little  frequented  places,  as  to  ad« 
nit  of  this  flow  operation ;  but  it  mufl  at  the  fame  time  b»» 
allowed,  that  the  Englifli  market  prefenls  locks  of  a  numlMr 
of  different  conflru6lions,  which  can  neilher  be  picked  nor 
analyzed  by  the  procefs  here  mentioned.     Nothing  is  mom 
common,  however,  than  for  keys  (o  be  cntruf^d  out  of  th^ 
hands  of  the  pofleflbr,  or  to  be  hung  up,  or  cafually  laid  down 
•r  miOaid.    In  tbefe  circumftances  their  figure  may  be  taken^ 

with 
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wifh  wax,  like  the  impreffion  of  a  feal,  or  more  fpeedily  by 
iadcDtation  upon  e  piece  of  motftened  paper,  or  by  ▼ariout 
other  Bueans ;  and  it  noft  be  admitted,  that  verjf  little  ikill  it 
reqaired  to  enlarge  the  openings  of  a  common  key,  fo  at  to 
make  it  pafs  the  wards  of  a  fuperior  lock. 

Thefe  Tieceflary  and  anavoidable  imperfedions  of  common  Secret  locks  $ 
locks,  have  long  ago  led  to  the  introduaion  of  fecret  locks,  ^""J^  ft^^u^e 

,  *     **  .  and  imperfec* 

which  are  (bconftruded  as  to  require  fome  parlicular  roani->tioii. 
poktion  in  opening  them ;  foch  as  ihat  the  key  ftiould  be 
Ciimed  twice  round,  or  that  it  (hould  be  turned  through  a  cer- 
tain fpace  in  one  direaion,  and  then  back  again  ;  or  ihat  it 
ihould  9L€t  upon  fome  delicate!;^  refi fling  piece,  very  likely  to 
be  difregarded  by  an  unindruded  poirefTor  of  (he  key  ;  or  (hat 
a  number  of  vifible  parts  (liocrld  be  placed  in  fome  determined 
order,  before  the  common  procefs  of  opening,  eilher  with  or 
without  a  key,  can  take  place.  Upon  all  thefe  contrivancea 
one  general  remark  may  be  made,  namely,  that  the  poflelTor 
mofi  always  in  perfon  open  his  own  lock  ;  for  if  this  be  to  be 
done  by  the  mere  pcadice  of  a  fecret  without  a  key,  his  cabi* 
net  becomes  for  ever  open  to  him  who,  by  communication  oc 
otherwife,  fbaH  poffefs  that  fecret ;  and  if  a  key  be  ufed,  his 
lock,  at  to  that  perfon,  becomes  as  fubjed  to  violation  as  m 
common  lock. 

In  the  mechanical  confideration  of  a  fecret  lock,  we  may  Methods  of  wl^ 
fuppofe  the  confirudipn  to  be  entirely  unknown  to  him  who  '■^'*  ^***"* 
is  defirous  of  opening  it.  In  this,  according  to  the  experienoe 
«md  (agacity  of  the  operator,  the  diificnhies  will  be  greater 
or  ledi,  and  a  very  fallow  contrivance  may  occafionally  pre- 
fept  a  greater  obdacle  than  a  ;nuch  more  elaborate  ftrudure. 
But  if  we  fuppofe  the  fyflem  of  the  lock  to  be  known,  but 
the  particular  conditions  of  opening  it  to  be  fecret,  the  ex* 
aminer  will  then  take  for  his  guide  the  probable  circumftance 
thai  the  re-adion  of  the  parts  may  feel  condderably  different, 
when  ihey  are  duly  placed  for  opening,  than  when  their  fitu* 
atioD  is  fttch  as  to  prevent  that  eflfed!.  By  this  clue,  and  by 
careful  examination,  moft  of  thefe  locks  may  be  opened ;  and 
it  is  remarkable,  that  the  belter  the  workmanlhip  the  more 
cafy  it  is  in  general  to  make  the  intended  difcovery. 

The  folbwtng  are  the  conditions  virhich  appear  to  me  to  be  Coodltronc  of  a 
neceilary  in  a  lock  of  the  moft  perfea  U nd :  t^S^ttt 

N2  l.That 
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I.  That  certain  parU  of  ihe  lock  fiiould  be  variable  in  pofi- 
tion  through  a  great  number  of  combinations  one  only  of 
which  fliall  allow  ihe  lock  lo  be  opened  or  (hut. 

.  2.  That  thjs  lad  mentioned  combination  fliould  be  YarlaUo. 
at  the  pleafure  of  the  poflVflbr. 

3.  That  it  (hall  not  be  poifible,  after  the  lock  is  clofed  and 
the  combination  didurbed,  for  any  one,  not  even  the  maj^ 
of  the  lock,  to  difcover  by  any  examination  what  may  be  the 
proper  fituations  of  (he  parts  required  to  open  the  lock. 

4.  That  trials  of  this  nalurc  fliall  not  be  capable  of  injuriof 
the  work. 

5.  That  it  (hall  require  no  key  ;  ^ 

6.  And  be  as  eafiiy  opened  in  the  dark  as  in  the  light* 
Tbefc  conditions  are  in  fome  refpe^s  liable  to  the  inconve* 

niences  already  mentioned.     I  would  therefore  add  the  fol- 
lowing conditions : 

7.  That  the  opening  and  ihulling  (hould  be  done  by  a  pro- 
cefs  as  Ample  as  that  of  a  common  lock. 

.  8.  That  it  (hould  open  without  a  key,  or  with  one,  at 
pleafure. 

.    9.  That  Jhe  key-hole  be  concealed^  defended,  or   inao 
cefiible. 

10.  That  the  key  may  be  ul'ed  by  a  flranger  without  bU 
knowing  or  being  able  to  difcover  the  adopted  combination. 

II.  That  the  key  be  capable  of  adjudment  to  all  the  varia* 
tions  of  the  lock,  and  yet  be  iimple. 

1 2.  That  the  lock  Aionld  not  be  liable  to  be  taken  off  and 
examined,  whether  the  receptacle  be  open  or  (hut,  except  by 
one  who  knows  the  adopted  combination. 
Defaiption  of  a  ^^  meditating  upon  this  mechanical  problem,  I  have  thought 
new  lock  of  Qf  various  condrudiuns,  but  have  not  yet  matured  one  in 
which  all  the  above  conditions  are  complied  with.  The  lock 
delineated  in  Plate  J  J  J.  poirelfes  the  fird  dx  requidtes.  Fig.  !• 
reprefents  the  plate  of  the  lock,  of  which  the  other  dde  is  (een 
at  Fig.  4.  In  this  lad  dgure  the  middle  piece  is  a  handle  or 
knob,  reprefented  Fig.  G,  which,  when  turned,  ferves  to 
ihoot  the  double  bolt  i  k.  Fig.  1 ,  by  any  common  conne£lion« 
In  the  actual  lock  this  bolt  is  carried  backward  and  forward  bj 
a  pin  danding  out  of  Fig.  2,  foon  to  be  Jefcribed.  The  other 
four  circles  in  Fig,  4,  are  handles,  reprefented  in  Fig,  5,  which 
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fenre  to  more  fhe  four  wheels  feen  in  Fig,  I.    Thefe  wheels Deftription  oft 
bmrc  twelve  teeth  each,  and  are  faftened  by  center- fere ws^  "^^mt^lfltl^. 
cacb  opon  a  flat  wheel  of  the  fame  tooth ;  but  having  only  ten 
notches  actually  cut,  zn  is  feen  in  the  right  hand  upper  corner, 
where  one  of  the  upper  wheels  is  taken  off,  and  is  (hewn  at 
fig,  3.     Tbefe  upper  wheels  have  their  toothed  part  confi- 
derably  higher  than  the  interior  or  flat  part;  fo  that  they 
would  be  conlrate  wheels  if  the  teeth  were  cut  quite  through. 
Bui  this  \%  not  the  cafe,  except  with  two  of  the  notches,  as 
may  be  feen  in  the  two  lower  wheels  more  particularly,  and 
alfo  in  the  others.     The  upper  ivheels  have  alfo  two  of  the 
iratches  between  the  teeth  flopped  up,  as  is  (hewn  in  Fig.  S ; 
by  which  contrivance  there  are  but  ten  fituations  for  fcrewing 
each  wheel  upon  its  correfpondent  under  wheel ;  and  thefe 
(ituations  are  rendered  precife,  and  all  relative  motion  between 
the  two  correfpondent  wheels  prevented  by  a  fmall  dud  feen 
in  the  nncovered  wheel.  Fig,  ],  which  fits  into  one  of  the 
Dotdies  ef  the  upper  wheel  when  put  in  its  place.    The  upper 
wheel  has  a  number  on  each  tooth  from  I  to  9  and  0,  which 
are  of  ufe  fur  placing  this  (lud.     The  four  under  wheels  are 
held  in  Ibeir  fitnations  by  four  fpring-catches,  which  allow 
fhem  to  be  turned,  in  one  direftion  only,  by  means  of  their 
knobs  or  handles ;  and  when  any  wheel  is  thus  turned  round, 
the  finger  and  thumb  will  feci  the  flrokc  of  the  lever,  as  it 
fucccffivelj  falb  into  each  notch,  until  the  lever  comes  to  reft 
opoo  the  fmooth  part.    This  very  palpable  indication  then 
Ibews  when  to  begin  to  count,  calling  the  fird  hold  or  droke 
of  the  catch  1 ;  the  fecond  2  ;  (he  third  3,  &c.;  and  the  lock 
»  fo  oonfiruded,  that  when  the  top  wheel  of  any  of  the  four 
coople  is  put  on  with   any  number  oppofite  the  dud,   the 
fiune  nnnber  counted  by  the  catch  will  place  the  upper  wheel 
in  fuch  a  filualion,  as  that   its    notches,    which    pafs  clear 
tbrooghi  will  lie  in  a  circle  defcribed  from  the  center  or  axis 
upon  which  the  great  handle  turns.     And  therefore,  when 
tach  of  thefe  wheels  is  put  in  its  place,  and  the  numbers  known 
(and  regifiered,  or  put  in  the  memory  by  fome  artificial  ajTor 
ciation,  fuch  as  of  the  date  of  the  year  taken  either  backwards 
or  forwards,  &c.)  it  is  only  needful  to  move  each  of  the  four 
kRcb^  till  its  catch  has  paflVd  the  fmooth  pari,  with  a  number 
Af  ftrokes  anfwering  to  its  adjudmcnt,  and  the  circle  indicated 
by  broken  (haded  lines  in  Fig,  1,  will  be  capable  of  paiRng 

through 
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DflCcrjptiofi  of -a  through  (he  open  fpaces  of  every  one  of  ifae  wheels.     Fig^  ?. 
new  lock  of       reprefenls  a  contrate  wheel,   having  ils  irregular  portioDt 
Ay  B,  C,  D,  &c.  Handing  up  above  its  plane.     Thefe  por- 
tions are  parts  of  a  circle  equal  to  that  denoted  by  the  broken 
(haded  parts  in  Fig,  ].    The  conirate  wheel  is  to  be  placed 
in  Fig,  ] .  with  its  face  turned  down ;  and  being  there  iocwed 
wilh  its  center  to  the  central  handle,  it  fervet.lo  opcv  and 
ihul  the  bolt,  which  it  can  only  do  when  the  four  j^betth  are 
in  fuch  a  fiiuation  as  to  allow  the  circular  edge«parts  of  Fig,  2. 
to  pafs  clear  through  their  potchei.    If  any  one  or  more  of 
tbofe  wheels  be  turned  To  as  not  to  correfpond  with  its  num- 
ber, it  will  be  rmpoffibie  to  turn  the  handle*  becaare  every 
attempt  to  do  i'o  will  caufe  one  of  the  parti  of  Fig.  2.  to  flop 
in  one  of  the  notches  of  the  wheels  through  whicb  it  cannot 
pafs.    The  method  of  opening  the  lock  will  iheielQie.confift 
in  fetting  each  wheel  to  its  known  number. 
.    As  the  proper  (ituation  of  each  wheel  is  only  one  ent  of  ten» 
it  is  nine  to  one  againft  any  operator  upon  this  lock*  that  he 
frail  not  fet  the  fir  ft  wheel  right.  fuppoHng  all  the  Others  in 
iheir  due  pofuions ;  but  it  is  true  that  he  nay  try  i^if^nd, 
and  will  come  to  the  right  place  at  lad.    If  two:  onlf.ltf  the 
wheels  were  deranged,  it  would  be  eighty-one  to  one  that  he 
(liould  not  (el  them  both  right ;  and  he  would  be  deprived  of 
any  trial  round  a  fingle  whec*!,  bccaui'e  the  other  wheel  would 
always  hold  again  fl  him.  and  prt:  vent  hit  knowing  (when  the 
open  notch  of  the  wheel  iiridcp  trial  prefented  ilfelf.    *Bkee 
wheels  deranged  would  make  the  odds  729  to  oiie^  OQ^^ 
four  would  make  (he  odds  6oG\,    In  the  plate i the 
tions  are  faid  to  be  (en  thoufand,  from  an  overiight  in.  jUkiiiK 
the  ratio  of  ten  to  one  initead  of  nine  tOrOae.     But  tMaJp  a 
matter  of  no  confequence  a<  (o  the  principles  of  the  lock*,  h^ 
caufe  the  number  of  teeth  or  number  of  wheels  are  capable  of 
variation.     If  a  fifth  wheel  were  added  to  this  lock,  the  odda 
would  amount  to  390-t>9. 

As  the  quantity  cut  from  Fi^,  2.  is  not  more  than  «m  ne^ 
ceflfary  for  the  clear  rotation  of  (he  wheels  when  Ihejilprifl 
(hut,  this  piece,  when  in  every  othei  pofitioni  prei 
other  wheels  from  being  turned  at  ail. 
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IdUr  from  Mr,  Alex.  Crombik,  comrming  the  Caledonian 

Liierary  Society  at  Aberdeen, 

To  Mr.  NICHOLSON. 
SIR, 

1  HE  want  of  fbcieties  for  fci^nlific  and  literary  improve- 
ment, has  been  long  felt  in  many  confiderable  towns  in  Scot- 
land, and  I  believe  in  none  more  than  in  Aberdeen. 

The  otitity  of  fuch  inftitulions  being  fo  generally  acknow-  Great  a^Btjr  of 
ledgedf  it  is  truly  a  matter  of  farprize  to  find  fo  few  of  them  ^^i'^J-S^JSj 
m  this  kingdom^  efpecially  when  the  facility  of  forming  them  rary  inpcowv- 
is  confidered.     Any  attempt^  however  fmalli  to  promote  the  "«"^ 
interefls  of  literature,  and  to  diffufe  moral,  political,  or  philo- 
fophical  knowledge  amon§^  men  of  all  ranks,  will  ever  meet 
with  the  marked  approbation  of  the  iincere  wellwifiier  to  bis 
coantry ;  and  I  am  perfuaded  you  will  receive  peculiar  fatis- 
h€^on  in  being  able  to  communicate  to  the  public  the  feebleil 
efforts  which  may  be  at  any  time  dire^ed  to  fo  important  and 
defirable  an  objeft. 

In  yoor  Journal  for  December  laft,  a  traveller  has  eapreflcd  Reftreace  fo  a 
his  furprize  to  find  no  antiquarian  or  literary  fociely,  or  fub-  jl^T^urJ?" 
fcription  fibrary,  at  Aberdeen ;  and  I  agree  with  his  remark, 
Cbat  thofe  who  know  the  refpedlability  of  the  place,  cannot     ' 
h\l  to  be  aftonifhed  at  it.     To  account  for  fo  fingular  a  fa6l 
woold  perhaps  be  deemed  prefumptuous.     I  have  too  much 
refpcd  for  my  fellow-citizens  to  attribute  it  to  a  want  of  taflc, 
but  I  cannot  help  blaming  thofe  amongft  us  who  are  qualified 
for  fopporting  fnch  infiitutions,  for  their  want  of  attention  in 
this  refpe^. 

The  Prore{fors  of  both  Univerfities  certainly  unite  talents 
with  influence  and  refpe61ability, — It  were  to  be  wifoed  that 
they  and  other  literary  charafters  in  town»  had  more  concern 
for  the  improvement  of  the  community  at  largCi  and  would 
make  fuitable  efforts  to  promote  it. 

It  would  be  doing  injuftice  to  the  liberality  of  the  proprie- Tfce  Atheoawi 
tors  of  the  Athenaeum  and  circulating  library,  to  deny  thefe  ^^^'*"'''* 
tnftilutiens  their  refpedtive  ikierits  and  advantages.     But  I 
apprehend  that  neither  of  them  is  fufficient  to  fupply  the  de- 

Jideralum 
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Jideratum  mentioned  by  your  correfpondent.   The  firft  is  priti* 
cipally  calculated  for  the  coiDmercial  part  of  the  inhabilants> 
and   thofe  who  have  time  to  lounge;   the  fecond^  although 
compriling  much  uffful  readings  is  fometimes  defedlive  in  the 
fele^ion  of  the  books,  and  affords  little  opportunity  for  the 
union  ot  literary  exertions. 
Confideration  m      A  Ibciety  whofe  books  are  the  property  of  the  individual 
rietor  alRcir-'  ^uhfcribers,  is  far  bettor  adapted,  not  only  for  advancing  know- 
tion.  ledge  and  bringing  ufcful  talents  into  notice,  but  alfo  for  giving 

a  favourable  bias  to  the  purfuits  of  ingenious  young  men  of  all 
defcriptions,  to  whom  fuch  a  fociety  is  at  all  timet  accelfible, 
from  the  fmall  expence  attending  it.  People  become  more 
folidly  concerned  in  promoting  the  fuccefs  of  any  fcheme,  in 
proportion  as  their  perfonal  intereds  are  interwoven  with  it; 
and  we  may  therefore  conclude,  that  a  man  will  take  more 
plcafure,  and  perhaps  derive  more  profit,  from  reading  a  book 
which  he  confiders  as  his  own  property,  than  one  only  leot 
him  for  a  time. 
Sobferiptirtn-  Imprefled  with  thele  coniiderations,  a  few  perfons  in  Aber- 

I!d  FeU?8^sf '  ^^^"  inftituted  a  fubfcription-library  upon  the  22d  February, 
1805,  under  the  title  of  the  Caledonian  Literary  Society,  Be- 
fides  embracing  alt  the  periodical  publications  of  merit  in  Great 
Britain,  our  Hock  is  enriched  with  a  feled^ion  of  the  mofl  ap- 
proved books,  either  prefenled  by  the  members  or  purchafed 
from  the  Society's  funds  :  Which  Society  has  a/rnid^  increafed 
to  upwards  of  100  members,  and  the  liil  is  daily  augmenting 
in  number  and  refpcclability. 
■c  a  Tcry  mode-  It  is  worthy  of  remark,  that  the  trifling  fum  of  fix  (hrllbgs 
rate  expence.  p^j.  annum  is  only  required  from  each  fubfcriber  to  The  Cule^ 
donian  Literary  Society,  So  inconfiderable  an  expence,  con- 
trafled  with  the  great  variety  of  ufeful  and  entertaining  know* 
ledge  to  be  derived  from  it,  mud  form  a  very  powerful  re« 
commendation  in  its  favour. 

We  have  been  informed  with  pleafure,  that  many  perfont 

in  Glafgow,  who  are  not  members  of  the  Society  eftabliQied 

there,  have  contributed  liberally  to  its  fupport  by  giving  booki 

i — an  example  worthy  of  the  imitation  ot  others. 

A  PMlofophifal      It  is  alfo  in  contemplation  to  inftilute  a  Philofophical  Society, 

Boci''*y  in  c:n-   ^p  3  pf^n  f.milar  to  thofe  of  London,  Edinburgh,  &c.  for  t bo 

'        purpofe  of  receiving  occafional  dilFerlations  on  a  variety  of 

litemry 
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litomrjr  tud  other  fubjeAs,  (o  be  depoTited  at  the  property, 
€r,  antered  into  the  books  of  the  fociely ;  ami  afterwards 
publiflied  in  fuch  manner  as  the  fociety  may  dired. 

Shoold  any  of  the  friends  of  fdence  in  Invernefsj  BtnlT^ 
Peterhead,  or  other  places,  be  deiirous  of  e(labli(hing  fimifair 
inftitutions,  we  will  mod  cbearfiilly  furnifh  them  wilh  a  copy 
of  our  plan  and  regulations 

We  have  a  iincere  wi(h  to  fee  every  encouragement  given 
to  undertakings  fo  laudable  and  beneficial,  and  have  with  this 
view  made  the  prefent  communication,  to  give  publicity  to 
ours  through  the  medium  of  your  excellent  Journal.  The  in« 
feition  of  the  above  will  oblige,  Sir^ 

With  refpea. 

Your  humble  fervant* 

ALEX..  CROMBIE,  Pret. 
Aberdeen,  Januari/  2,  1 806. 

XIV. 

Letter  from  Mr,  J AHKs  Stodart,  in  A'lfiirr  to  a  Queftion 
concerning  the  Effect  qf  tlie  Nitrtms  Oxide,  propofed  by  Dr, 
Beddoes. 

To  Mr.  NICHOLSON. 
Dear  Sir, 

XyR.  Beddoes,  in  a  paper  on  the  medical  efTeft  of  refpiring  Qa-  Whcdicr 
the  nitrous  oxide,  publiflied  in  the  laft  number  of  your  IomT'  ^^^^^^  ^^^^ 
nal,  refers  to  an  account  I  lormerly  gave  of  fome  unpleafantcd  prcvioui  to 
and  rather  alarming  fenfations  experienced  after  inhaling  that  ^^Jn^^j^le'"* 
gaf.     He  attributes  the  whole  to  hyflerta  or  nervr.us  affedion;  from  nitrous 
at  the  fame  time  fignifying  a  wifli  that  I  would  flate  whether  ^*'^^' 
or  not  that  was  really  the  cafe.     In  anfwer  to  this  I  have  only  Rfplyj  that 
to  obferve,  that  if  any  fuch  predifpofition  tohyfteria  did  exifl, 
it  was  wholly  unknown  (o  me.     My  general  (late  of  health 
was  as  ufual ;  nor  had  any  thing  occurred  particularly  to  affe^ 
tlie  mind.     I  had  often  inhaled  the  nitrous  oxide  under  cir« 
cumflances  in  esery  refpe^  iimilar  (at  leaf!  as  far  as  I  can 
jodge)  and  till  that  time,  fo  iar  from  experiencing  any  thing 

like 
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like  tMilHj,  f lie  very  centrmry  eSeA  wet  predeoed; 

fomod  sod  nndiftorbed  deep  in  the  mght,  (bllowed  by  feength 

and  increaied  chearfulnefs  on  the  following  momifig. 
Xspeaationtbai     I  very  fincerely  hope  the  fnedical  application  of  thv  cs- 
ST^Tp"^'  Iraofdinarjr  agent,  direaed  at  it  it  by  the  very  aUe  hand  of 
tnMMntly  nib-  '  Dr.  Beddoef,  may  prore  as  important  and  uieftil  in  medicine 
Id,  Ik.  3g  ii  jg  inter efting  and  curious  in  philoTophy. 

I  have  not  yet  heard  of  its  being  tried  in  cafes  of  fafpended 

animation ;  it  appears  to  be  an  experiment  well  worth  making. 

The  fiibjed  is  perhaps  worthy  of  the  attention  of  the  Hamane 

Society.     I  am  with  refped. 

Dear  Sir, 

Your*s  fincerely, 

JAMES  STODART. 
Strtind,  January  7,2,  1.^06 


^crr. 


XV. 

Jkfcriptim  of  a  Staticfd  Lamp,  which  mnintaint  a  Suppfy  qf 
onto  the  Burner  from  a  Refirvmr,  placed  fo  law  as  to  occa- 
•    JiM  no  Interception  qf  Light,     By  A.F. 

To  Mr.  NICHOLSON. 
SIR, 

Defcription  «f  a  1  SEND  yoa  a  (ketch  of  an  overflowing  lamp,  of  whidi 
nfewfittictl  the  condruclion  will  be  eafily  deduced  from  the  figure.  Its 
^"^'  advantages  are,  that  the  flame  b  fupplied  from  below,  and 

the  light  is  not  intercepted,  but  falls  on  all  furrounding  ok. 
jc£ls  as  diredly  as  that  of  a  candle.  The  upper  part  of  A 
(fee  Plate  IV.)  contains  the  ufual  apparatus  of  a  lamp,  either 
according  to  Argand's  conftrudion  or  any  other;  and  tbe 
column  or  tube  which  fupplies  the  oil  may  be  no  longer  than 
that  fupply  and  the  conditions  of  the  ftrudure  may  demand. 
The  vafe  below  contains  the  oiI»  which  is  poured  in*  when 
needful,  at  the  top  of  the  column,  by  a  funnel  or  otherwife. 
The  circle  round  B,  C,  repreicnts  a  globular  (or  cylindrical) 
veiled  having'no  communication  with  tbe  vafe  except  through 

aned^ 
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•  neck  Off  pipe  D.  proceeding  dowawacdt  nearly  to  i(»  bottom ;  ^^'^'^2!^i  ^** 
Dot  there  »  a  comiODnicatioa  with  the  external  air,  through  a  i^^-^ 

"perforation  (reprefented  by  a  fmall  (haded  circle  near  B)  which 
prevents  the  atmofphere  from  ioterrupting  the  intended  a6ioQ» 
The  lightly  (haded  iemicircJe  B  r«pre(ent8  aa  henuTpherical 
Iblid  capable  of  revolving  on  an  horiasontal  axi»,  (b  at  to  hang 
downwards  and  fill  the  lower  half  of  tiie  gIobe«  when  oo 
fluid  ia  prefcnt ;  or  it  can  be  raifed  up  by  floatage  into  any 
other  petition^  according  to  the  quantity  and  den(ity  of  any 
fluid  that  may  be  poured  in« 

Let  us  now  fuppofe  the  veifel  C  to  contain  any  fluid  aot 
more  than  half  its  capacity^  and  that  the  revolving  piece  B 
is  of  fuch  a  weight  as  to  be  of  half  the  fpeciflc  gravity  of 
that  fluid :  it  may  then  be  eafily  underflood  that  the  piece  B 
will_rettle  into  fuch  a  fi tuation  as  liiat  part  of  it  (hali  be  im- 
merfed  in  the  fluid  and  fupport  it  in  the  veflel,  exadlly  to  the 
height  of  its  axis.    For  the  part  of  the  folid,  immerfed  on  one 
fide'  is  exactly  equal  to  the  fpace  above  the  fluid  in  (hat  (itu* 
ation^  oo  the  other  (ide  ;  and  the  greater  part  of  B  which  is 
on  one  fide  of  the  perpendicular  will  exceed  the  fmaller  part 
on  the  other  fide,  by  exadly  double  that  quantity.     Confe- 
quently  the  immerfed  part  of  the  folid  will  be  preflEed  down 
by  twice  its  own  weight ;  and  this  is  exaWy  equal  to  the 
weight  of  fluid  which  it  difplaces ;  whence  the  body  and  the 
fluid  will  be  in equiiibrio.     Lotus  now  fuppofe  the  fluid  to  be 
brine,  at  the  fpeciflc  gravity  of  12,  which  may  be  poured  in 
either  at  the  top  or  at  the  (ide  hole,  and  that  oil  of  the  fpeci- 
fic  gravity  of  9  be  then  poured  upon  it ;  and  it  is  manifeft 
that  the  oil  will  prcfs  the  denfe  fluid  upwards  into  C,  as  re- 
prefented in  the  figure,  and  that  when  C  is  half  filled,  the  oil 
will  (land  at  an  elevation  above  the  axis  equal-to  one  half  more 
than  tiie  height  of  the  denfe  fluid,  meafured  from  its  furface 
where  the  oil  prefles  upon  it.     And,  when  this  adjuflroeiit  it 
once  made,  by  putting  in  the  proper  quantity  of  denfe  fluid, 
if  any  of  tiie  oil  be  taken  out,  or  confumcd  by  burning,  the 
preflTure  will  be  lefs,  and  the  deiife  fluid  will  rife  within  the 
vmfe.    But  this  rife  will  not  be  attended  with  any  depretfion 
in  the  veflfel  C,  becaufe  the  level  will  be  kept  up  by  the  re- 
volving piece  B,  and  confequently  the  oil  iifclf  will  be  pre- 
vented from  falling  as  much  as  it  would  have  dpne  if  this  coo- 
trivaooe  had  not  been  applied. 

I  do 
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1^  stortcn  FisHBRies* 


'Defcnptioo  of  I  do  not  difgoire  tlie  confideralion,  ihat  as  the  oil  dTminifiM^ 
a  ne«r  ftatical  ||,g  diftancei  between  the  upper  and  lower  forfaces  of  Cbe 
denfe  fluid  mufl  dtminifh,  and  a  proportional  difference  or 
^bfidence  in  the  furface  of  the  oil  mufl  take  place.  The 
proper  reroedj  for  this  appears  to  be  that  the  lower  furface 
ihoald  be  made  as  large  as  convenience  will  allow ;  that  its 
rife  and  fall  may  be  lefs. 

With  regard  to  the  difpoiitioQ  and  form  of  the  fpaces  which 
•re  to  contain  the  oil,  it  is  only  needful  to  obferve  that  they 
may  all  be  made  fmall  or  narrow^  except  thii  which  i«  alter- 
nately to  be  occupied  by  the  oil,  and  the  denfe  fluid.  If  the 
height  of  the  denfe  fluid  be  12  inches,  the  lamp  may  Hand 
18  or  20  inches  high,  uiing   fait  water  a4  above  mentioned. 

There  are  variojis  practical  objedlions  to  merrury ;  but  if 
this  fluid  were  to  be  ufed,  the  oil  might  be  raifed  ten  time«  as 
high,  or  the  apparatus  if  required,  might  be  conHiuded  with 
a  Icfs  di (lance  between  the  furfaces.* 

lam.  Sir, 

Your  conflant  Reader^ 

A.  F. 


XVI. 

Letter  from  a  Correjpondent  reStifyivg  fojnc  Particulars  qf  Mij» 
injormution  rvjpt^ling  the  Ffjherj/  of  the  North  of  Scotland* 

To  Mr.  NICHOLSON. 
SIR, 

VV  HEN  any  important  information  is  communicated  to 

the  public,  we  have  a  right  to  expe6t  thai  it  fliould  be  given 

with  extreme  accuracy;  or  at  leaft  where  any  doubts  exid, 

.with  fucli  a  degree  of  diflidence  and  modefly,  as  may  leavtft 

room  for  avoiding  mifreprcfentalion  or  falOiood. 

^  The  contrivance  for  keeping  a  fluid  at  its  level  by  a  femi-cir'- 

cular  revolving;  folid  was  invented  by  Robert  Hooke.     See  Birches 

Hii^ury  of  the  Royal  Society.     A.  F.  has  ingenioudy  ac!optcd  it  to 

a  lamp  itvhich  cnfts  no  fhadow.     Hookers  lamp  it  nearly  as  faulty 

'  as  the  common  fountain  lamp  in  this  reipedt.    N. 

I  with 


A'Bil.^«'r<iiA«.Xww(.)W.ZKn.|.pIW 
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SCOTCH   risiiiRiis.  US! 

.  I  tvifh  an  Enquirer ^  in  your  Journal  for  December  lad,  had  HrrsMoot  in- 
altended  lo  this,  before  making  what  I  conceive  to  be  a  hafty,  fo^SiSTlhe" 
ill-founded  (latement,    rffpecting  certain  inftances  of  u'(i/2^m/ ilAeries  on  tb 
nef^ligence  in  fume  qf  ourJifk<ries  in  the  north  of  Scotland,  which  j*^  ^  ^^ 
h  is  my  duty  at  prefent  to  controvert. — He  flates  : 
;   Id,  *'  That  the  fifhcrmen  of  Aberdeen,  Banff,  Peterhead, 
&c.  never  think  of  carrying  their  fi(h  along  the  coaft  fuuth- 
ward,  which  they  might  do  to  Leith  in   twenty-lour  hour.^^ 
or  with  a  good  britk  wind  to  Berwick-upon-Tweed,  or  even 
Newcadle-upon-Tyne;  but  when  their  refpedive  towns  are 
liipj)lied,  tltey  throw  tlic  remainder  upon  the  duMg/dU  for  mo- 
nure / /" 

A  fad  fo  improbable  as. the  above,  would  indeed,  require  Fivm  Ttrioa« 
no  ordinary  (hare  of  proof  to  gain  credit  to  it,  and  I  have  the  ^^"j*^*  of^walt 
fatisfaflion  to  afTure  you  that  it  is  entirely  without  foundation,  is  negleded. 
The  truth  is,  the  number  of  hands  employed  in  the  fi(heries 
m  the  north  of  Scotland  are  fo  few,  and  the  encouragement 
given  to  cnterprize  and  fpeculation  in  this  important  fource  of 
Jiational  wealth  fo  fmall^  that  no  more  fifli  is  caught  than  what 
fupplies  the  neighbouring  towns.     But  e%'en  admitting  tha^ 
more  were  caught,  and  that  we  could  vend  at  Leith,  Berwick- 
upon-Tweed,  or  Newcafile-upon-Tyn«,  is  it  not  to  be  fup- 
pofeJ  that  fidiers  of  places  neareil  to  thefe  towns  could  afford 
to  greatly  underfell  us? 

When  the  dog-fi(li  (jqiuilus  catulus,  L.)  appear  on  the  coafl.  The  dog.fifli 
our  filhers  calcli  a  great  number  of  them  and  dry  them  for  their  ?"^-)^  i^  . 
own  private  ufe  (for  none  but  themfelvcs  and  the  lower  claffes  ikin,  and  for 
of  people  would  ufe  them)  and  likewife  for  the  benefit  of  ihe™*"**"* 
oil,  which  they  yield  in  great  abundance,  and  the  fkin,  which 
IS  ufed  for  fmoothinor  ihe  furface  of  wood.     After  they  are 
drained  of  the  oil  which  they  contain,  betides  keeping  a  fuffi- 
cient  number  for  ufe,  they  throw  the  remainder  on  their  dung- 
hills, which  produces  a  valuable  manure.    'And  no  doubt  your 
cor refpou dent  may  have  mlHaken  thefe  for  any  other  kind  of 
fi(h. 

He  next  obfervesj  "That  at  Arbroath,  another  cuflom, 
equally  as  extravagant  in  its  kind  prevails,  and  of  which  I  have 
been  a  witnefj;  the  crab  Hfhcry  is  fo  produdlive,  that  after 
builing  them,  the  bodies  of  the  crabs  are  thrown  away,  and 

the  large  claus  only  brought  to  table," 

It  It 
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TfaedMwcf  ft  >s  indeed^  generally  the  cafe  here^  and  io  every  ptber 
Su* ^iLSfc  ^*'"S  town,  that  the  fi(bers  for  the  moft  part  retain  the  bo* 
uHi  ^^\^  ^^*^'  ^^  ^^  iTabs,  and  only  difpofe  of  the  claws  in  the  public 
are  not  tfaromi  marketN :  but  that  the  former  are  thrown  away»  it  by  no  meant 
'""V*  true  in  al<no{l  any  tnftance;  for  the  fifhermen  find  theroof  fitf 

■rare  value  in  baiting  their  hooks,  than  what  they  conld  get, 
for  them  other  wife.     Indeed,  if  it  were  not  for  thtt  parpejBl^ 
it  is  believed,  few  or  no  crabs  would  be  caught  at  ail. 
Iffodi  ^jiflt  Having  thai  endeavoured  to  vindicate  our  iifbers  from  the 

■dgkc be  derived  charge  of  wafleful  negligence*  which  none  who  know  them 
}l^S3S^  win  think  them  gailty  of;  I  cannot  conclude  wilboet  exprefi^ 
Abctdceiifor      ing  noj  furprize  that  no  company  has  yet  been  eflablithed  at. 
cnifiiaf  wUis  Aberdeen  for  exporting  white-fi(h.     It  is  obvious  from  its  ex- 
cellent [ituation,  and  advantages,  that  very  hand  feme  profits 
could  he  cleared,  if  fuch  an  undertaking  were  once  fet  on 
foot,  and  well  conduced;  equal*  if  not  fupertor  to  the  falmoa 
fifiiing,  which  it  is  well  known  has  been  greatly  the  means  of 
enriching  this  place. 

If  you  deem  the  above  obfervations  worthy  a  place  in  yonc 
nfeful  Journal  you  will  oblige, 

SIR, 

Yours  refpedlfully, 

A.  L. 

Aberdeen,  Januarrf  3,  180G. 


XVII. 

Oif/ervaiions  und  Enquiries  concerning  the  Heat  of  Air  blown 

from  Bellows.     jSy  K.  H.  D, 

To  Mr.  NICHOLSON, 
SIR, 

F«^fn»D  ^^^  \eaiyc  to  raenlion  a  palTage  in  Dr.  Black's  Ledorel 
klick*t  lee-  01^  ^^^  Elements  of  Chemidry,  publlQied  by  ProfelTor  Robifoo, 
which  occurs  at  page  83.  Vol.  I. 

The  author  U  fpeaking  of  the  communication  of  heat,  and 
has,  in  the  former  part  of  the  page  accounted  for  the  ap* 
parent  coldnels  of  a  dream  of  air,  by  its  preventing  the  acco- 

^  mulatiea 
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BMhtKMi  of  heat  mroand  oar  bodiot,  by  its  impalie  ami  rapiil 

facccffioo,  both  coolmg  our  clothes  fafter,  and  carrying  a\»ay 

Ibo  tmm  rnr  ibal  was  intangled  in  thes«    The  Do^or  (ays,  that  •tftt/Am  of 

-  Ibe  fealkioii  pf  coldnefs  therefore,  produced  by  wind,  or  *^»  *^ 

agitBled  air,  it  fo  much  ftronger  than  that  produced  by  equally  bodies,  does     , 

coM  mir  io  a  (lagnating  dale,  that  we  are  often  perfuaded  the  ^^^^  ^ 

agitalad  air  is  aAoally  colder,  until  we  examine  it  by  the 

tbeniMMDelcr ;  and  Dr.  Boerhaave  thought  the  deception  fo 

flroog,  thai  he  contrived  an  experiment  to  remove  it  com- 

ptocly  (Bocrfaaave  Elementa  Chemiae.)     He   fufpended  a 

tbermuoMCer  in  the  air  of  a  large  room  for  fome  time,  and^ 

DDCing  tfae  degree  to  which  it  pointed,  he  then  direded  againft 

the  balb  of  it  a  fiream  of  air  impelled  by  a  large  bellows  in. 

tbe  ikmm  room ;— that  fiream  of  air  would  certainly  feel  to  a 

perfbn  who  oppofed  any  part  of  his  body  to  it,  conliderably 

colder  than  the  reft  of  the  air  in  the  fame  room ;  but  the  ther^ 

mometer  u  not  in  tlit  leafi  qffeded  Ly  it.     And  it  would  be  eafy  nor  hotterf 

to  exhibit  another  experiment  to  fliew,  that  agitated  air  is  ^^^V^  *  "•• 

not  made  colder  by  agitation.     A  piece  of  ice,  for  example, 

being  fufpencled  in  the  air  of  a  warm  room,  and  blown  upon 

by  bellows,  inftead  of  being  thereby  kept  the  more  cool,  as 

our  hand  would  be,  and  prcferved  the  longer  from  being 

totally  rodted,  would  certainly  be  melted  fo  much  the  fsftcr,       ^ 

than  when  the  air  is  allowed  to  (iagdate  in  fome  meafure 

aroond  it." 

I  take  the  liberty  of  troubling  you  with  this  in  confequence  M.  Winter 
of   a    communication   from   your    ingenious    correfpondeni,  ^     kliJLJi*' 
Mr.  Richard  Winter,  pubiiOied  in  the  laft  Number  of  your  giTc  out het^ 
excellent  Journal,  where  liis  experiment  on  the  efle^  pro- 
duced on  u  thermometer  by  a  blaft  of  air  from  a  pair  of 
bdiows,  uireclly  contradicts  Dr.  Black's  aflertion,  that  *'  the 
thermomcier  is  not  in  the  lead  affe^ed  by  it.'' 

That  thr:e  's  great  truth  in  Dr.  Black's  general  ftatement  Qoeftiom  le- 
of  the  fad,  U  a  blaft  of  air  cooling  a  body  warmer  than  it-  Jj^"**  ****** 
felf,  by  ad'ording  a  continued  feries  of  fre(h  furfaces  to  carry 
oC  the  ealoric,  I  have  no  doubt,  and  that  it  (hould  have  an 
equal  elfe^  in  warming  a  body  colder  than  itfelf,  feems 
equally  evident,  or  by  fupplying  the  colder  body  with  caloric* 
But  in  ibe  caie  of  the  thermometer  being  raifed  four  degrees, 
(as  fialed  in  Mr.  Winter^s  experiments)  we  are  not  told  that 
it  wai  of  a  temperature,  lower  than  dial  of  the  air  of  ihm 

rooia 
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room.    Mow  then,   Sitf  are  we  to  reconcile  the  reftift  of' 
your  correfpondent^  experiment  with  Dr.  Black's  atTerlioD, 
mentioned  above  ? — Are  we  to  fuppofe  the  blaft  of  air  tolAve ' 
a£tually  acquired  an  increafe  of  temperature,  and  if  fo»  botr* 
has  it  acfiuired  it?  I   hope  your  correfpondent  (Ihoutd  tbtii^'. 
ever  reach  his  ears)  will  not  imagine  I  doubt  the  accuracy  of 
his  experiment ;  my  only  objed  is,  the  clearing  up  a  ctr* 
GuroftatKe»  which  at  prefent  is  to  me  at  lead,  not  by  any 
means  iattsfk6lorily  accounted  for.      To  whom  then  can  I 
better  apply,  than  to  you,  if  indeed  I  may  venture  to  hopo, . 
you  may   think    the  objed  worthy  of   your  coniideration }   ' 
Whether  that  fliali  prove  the  cafe  or  not,  I  mud  always  fed    1 
(in  common  with  thoufands  of  others)  the  benefit  you  conftr'  ' 
on  the  fcientific  world,  by  the  eafy  means  of  commanicatkNI' 
of  knowledge  to  the  public,  which  your  Journal  affords^ 

I  have  tlie  honour  to  be. 

Sir, 
Your  obedient  Servant, 

K.  H.  D. 

Tunbriffgc, 

January  19,   ISOo. 


P.  S.  I  do  not  uudcriidmi  how  the  fuppofed  greater 
city  of  a  vacuum  for  caloric  explains  the  fa£ts,  whether  of 
the  rife  of  the  mercury  in  the  thermometer,  or  the  melting  of, 
the  ice. 

Obfirvations  on  the  preceding  Letter,  by  W,  N. 
It  IS  defirable         WHEN  a  queftion   arifcs  concerning  the  difagr^ement  of 

^tt  fto*uw'be  ^•^'^  ^***  F^efs  obvioully  indicated  is  to  repeat  the  ex- 

fcpeated.  periments ;  in  order  that  it  may  be  feen  what  circumftaoces 

may  have  tended  to  produce  midake,  or  what  may  have  been 

the  real  difference  between  operations  fuppofed  to  be  the 

fame.     Though  I  have  not  had  an  opportunity  of  doing  this, 

I  have  nevertheiefs  thought  it  proper  to  make  a  few  remarks. 

Agitatkm  When  a  body  is  immcrfed  in   the  air,  or  in  any  other  fluid 

enables  a  fluid    ^jiflferjng  from  itfelF  in   temperature,   the  body  will  acquire 

moo  temperature  the  common  temperature  more  fpeedily  (that  is  to  fay,  it  will  be 

aaore  fpeedily.     heated  or  cooled  more  quickly)  by  agitating  the  fluid,  than  if  it 

were  left  ondifcurbed  ;-^— and  this  for  the  plain  reafoOf  that 

more  of  the  partides  at  the  original  temperature  will  come 

into 
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lOt    coBiad  with  it  in  the  latter  than  in  the  fonner  cafe. 
Tbefe   remarkt  fapport  and  explain  the  iads  noticed  by 
Dr«  Blacic  and  Bo^rhaave.    Agitation  of  the  air  it  merely 
fiippofed,  and  not  thatlt  (ball  be  either  condenfed  or  rarified. 
Maiqr  da*  concur  lo  ibew,  that  the  capacities  of  *^^'^^L|!^J^ 
floidt  k€  heat  are  enereafed  by  rarebAipn,  and  dittiniftied   ^ 
by  cooden&tioo ;  proofs  of  which  we  have  by  ezpefiments 
in  the  air-pump  and  condenfer«  and  in  the  late  experiments 
of  espMions  produced  in   the  chamber  (Of   the  condenfiog^ 
fjrrii^^    If  we  attend  to  this  law,  we  muft  infer  that  the 
air  ia  a  pair  of  bellows,  being  fuddenly  oompreflTed  by  a  force 
perhaps  equal  to  one  twentieth  of  an  atmofphere  or  more, 
•vill  acquire  an  increafe  of  temperature ;  and  if  in  this  dif* 
pofition  to  j(ive  out  heat,  it  be  made  to  rufli  againft  the  ball 
of  a  thermometer,  it  will  heat  the  roercuryy  and  caufe  it  to 
rife  in  the    tube.     Now,    in  order  to  reconcile  both  the  Whence  the 
refttlta  of  Mr.  Winter,  and  of  Boerhaavc  to  truth,  we  moft  |^  ^^  ^  j^^* 
recoiled  that  bellows^  like  the  unfortunate  traveller  in  Efop's  and  ibe  Temoter 
Fables,  can  blow  hot  and  cold  at  the  (ame  time.    If  the  ther-  JJj^iSi!?  ^ 
oometer  be  held  very  near  the  aperture,  the  warm  air  will 
beat  the  mercury;  but  if  it  be  held  at  a  greater  diflanpCf. 
where  the  warm  air  has  become  plentifully  tnuced  with  cold^ 
the  efifsd  of  its  temperature  may  be  altogether  inconfideraUe, 
while  that  of  the  agitation  continues  to  be  efiedive :  that  is 
tofiiyt  the  thermometer  if  already  at  the  common  temperature, 
Mril!  neither  rife  nor  fall ;  if  it  i>e  already  hot  the  (leao^  will 
cool  it ;  or  if  cool  the  fteam  will  heat  it.    Thus  it  is,  to  return 
to  our  traveller,  that  we  breatlie  upon  our  lingers  held  dole 
lo  our  mouth  when  we  mean  to  warm  them ;  but  when  we 
wifli  to  produce  cold,  we  hold  the  (ubjed  at  a  diftaoce,  and 
blow  at  itm 

As  th^  thermometer  falls  in  the  pneumatic  vacuum,  I  fup* 
pofe  there  may  be  fome  miilake  in  the  poilfcript. 


Tot.  XIII«*-f  iviiOA&v,  liOi.        O  Jc€wita 
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Auount  qf  the  Performance  of  the  patent  Ship  Economy  at  Sea, 
in  a  Voyage  to  the  lV<ft  India  Jjlands^  and  qf  fome  JmprQxt' 
tnent  in  the  Tackle  aboard,  proved  qf  great  Utility*  By  Mff 
J.  Whitley  Boswell. 

To  Mr.  NICHOLSON. 
Dear  Sir,  , 

Ddcrlption  of     J\^  Jn  g  former  number  of  your  Journal  *,  you  favoured  me ' 
ftroaiofi  has  '  ^y  inferting  a  defcripljon  of  the  conflru^oh  of  the  (hip  Eco«  . 
been  publiflied    nomy,  built  according  to  ray  patent,  I  hope  you  will  alfo  admit  *' 
number  of  thii  ^^^  following  account  of  her  performance  at  fea,  and  of  rouie ' 
vrork.  .  other  matters ;  of  confiderable  utility  to  naval  concerns. 

Your  Journal  is  principally  devoted  to  the  furtherance  of 
the  moft  ufcful  of  ail  knowledge,  that  of  experiments  in  Philo* 
Tlie  falneft       fophy  and  the  Arts.  And  to  a  nation  which  Pike  this  depends  on  *' 
proper  for  the     its  (hipping  for  mofl  of  the  many  advantages  il  enjoys  over" 
ndningan^^*  the  rcft  of  the  world,  what  experiments  can  be  rooreimpor'" 
count  of  an  ez-  t&nt,  or  ought  to  be  more  intereding,  than  thofe  which  cen-' 

so  the  nation.         The  experiment  which  has  been  made  on  this  occafion  is 

and  on  a  great    entitled  to  a  fartlier  fiiperiorily  over  other  ufnal  experimeriti^ 

an  account  of  tiie  large  fum  of  money  required  for  conducing 

It,  which  altogether  rather  exceeded  5000f.  and  on  this  oo* 

cafion  it  is  but  juHice  to  mention  the  fpirit  with  which  Wm. 

OnilemcB  who  Lufhington,  Efq.  of  this  City,  and  Richard  Griffith,  Efq.  of 

this  MpMimcnt.  ^**^''n  ^^*^vc  came  forward  to  aflift  in  making  this  experiment.' 

whofe  property  the  fliip  principally  is,  (my  (hare  of  it  being- 

comparatively  fmail  to  theirs);  to  thofe  gentlemen  thiscoantry 

is  chiefly  indebted  for  proving  a  matter  of  great  atility  to  iu 

The  plan  n:uft    naral  concerh<;,  and  which  fooner  or  later  inuil  be  of  the 

»e  of  great  uic   greateft  advantage  to  it,  when  the  plan  comes  into  ufe,  though 

when  adopted,    ^^^  fpirit  of  the  times  may  defer  this  period  until  it  (hall  ceafe 

to  be  of  any  benefit  to  us,  and  others  may  reap  the  profit  oT 

thefe  gcntleinens  public  fpirit  and  my  labour  and  fludy ;  bdt 

as  I  waited  till  I  Ihould  have  the  proof  of  adual  experiment 

to  add,  to  that  of  a  theory  (which  though  founded  on  on* 

*  VoL  IX*  p.  166^ 
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crfing  prioctples  and  of  which  eacb  part  had  been  often 
proved  in  detail  before^  it  cduld  not  be  cxpe^ed  to  convince 
tbofe  whofe  preifure  of  buHnefH,  or  waqi  of  tafie  for  iuch 
ilttdies,  deprived  of  time,  or  iitchoation,  or  made  it  too  great 
a  labour  to  attend  to  its  demondration  in  any  other  way)  I  hopes  thactha 
ihall  hope  now^  (that  my  exertions  to  bring  this  plan  of  (hip-  experiment  will 
building  into  the  notice  it  deferves,   when  its  fufficiency,  acctkratc  this 
ftrength  and  fecurity  is^)  fupported  by  actual  and  fevere  proof,  P^"^* 
will  meet  with  a  fair  and  candid  confideration,  from  the  di* 
region  of  our  navy,  and  thoie  whofe  commercial  purfuits  lead 
to  employ  veflels  of  great  burden. 

.  T.he  chief  advantage  of  this  method  of  fliip-building  is»  that  Econonka)  ad- 
it enables  the  builder  to  ufe  timber  of  much  lefs  coft,  and  vaftly  ^^^^^^'[ 
more  eafy  to  procure,  with  (Ircngth  and  /lability  fuperior  to  building, 
the  old  method*  in  proportion  to  the  quantity  of  timber,  and  <*«•?«'  g?****''»  • 
to  difpenfe  with  knee  timber  entirely.  cuttd,  may  be 

In  a  oayLiosnal  point  of  view  this  method  is  ilill  of  greater  ^^<^  ^  ^^* 
benefit;  £i>r  as  it  admits  of  timber  of  fifty  years  growth  to^^tagea,  th«' 
Aipply  the  place  of  ibat  of  one  hundredt  not  only  the  forefl  ^orefta  €ouM 
lands  may  be  made  to  produce  timber  for  double  the  number  tb^^Ma^ty  of 
of  (hips  foe  our  navy  in  a  given  time,  but'  private  gentlemen  the  tiaibet 
would  be  alfo  induced  to  plant  more  timber  for  this  pu^'pofc.^^jj  *"  [^^ 
from  the  fuperior  profit  they  could  in  this  cafe  make  of  their  time,  moi« 
plantations,  and  the  hope  it  would  give  them  of  being  »ble^*^'^'J^'J^J'^^ 
to  receive  the  fruits  of  their  labour  during  their  own  lives,  adopted }  oaks  > 
which  at  prefent  can  only  be  expeAed  to  be  reaped  by  their  ?^  ^^  y^I** 

,    , .,,  ^  "^  '         ^  hate  more  fcr- 

grand  children.  yicetble  timber  . 

An  oi|k  of  fifty  years  growth  has  alfo  a  much  greater  quan-  '^'^  propartioa 
lity  of  (iecvjceable  timber  in  it,  in  proportion  to  its  age^  than  ioo,\wroccu-  * 
one  of  an  hundred  years,  and  four  times  the  number  of  them  py  only  one 
ni  leafi  cau  Oand  and  flooriQi  at  one  time  at  the  fame  extent  ^u^^|^ 
of  ground ;  fo  that  the  public  would  be  benefited  by  the  adop- 
tion, of  the  pbn every  way ;  for  while  timber  would  thus.be 
raiderad  more  plenty,  thofe  who  prepared  it  for  market  would 
alfo  obtain  a  greater  profit. 

Hitherto  tbe  price  of  timber  for  the  oavy  has  been  attempted  The  fcardty  ^f 
to  be^apt  doviTD  by  arbitiary  regulatioiii,  which  tended  *©  J^'f  Jjjj^cd 
encreafe  its  fcarcity  ;   at  lad,  notwithftanding  every  eflfbrt»  this  country  to 
the  priqefand.fcarcjty  have  encreafed  fo  much  that  our  govern-  **"*4  \^*ffi^. 
ment  have:  boon  fiwced  to  the  expedient  of  partly  relying  Ion  daagn  o^ihis 
a  foragn  €Oiiiitoy.fiir..U)e,f«MiiM»aMoli^<)f^.^^  audio «'P«<>a^ 
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depend  on  (be  dock  jard*  of  Ruflia  for  the  baln-nk  i 
Brilid)  nairon,  for  ilie  defence  at'  ill  liberties,  and  of  iu  politicil 
exiltence,  andihis  ata  iiin«wlien  ourcrafiyand  implacable  lb* 
lias  got  pofTellivn  of  nearly  all  tti«  foreRs  of  ihe  reft  of  Eun^lKi 
and  ii  making  Ihe  moi)  ptudigioui  exertions  to  out-nitnifats' 
our  navy. 

If  my  plan  r>F  lli'p-builiiing  lends  in  fo  great  a  degree  K 
diminini  Ihufe  dillicullief,  and  even  dangers,  as  it  Dated  above, 
if  it  nut  worthy  ul  a  trial  al  leiifli  even  if  fome  rifk  wai  tm 
In  ihni  Irial  i  but  wjien  no  rilk  is  run,  when  ihc  plan  Imj 
been  piuved,  tltn  miifc  fcrupuloui  economift  of  the  public 
weaJtIi  tan  Dart  no  objit^iun  to  (hat  trial  of  it  in  ibenATjr, 
thai  Ihe  public  nectlDiy  t'^T  fome  expL-dient  to  fupplf  timber 
for  it«  ufc  fo  loudly  cal!"  Tor, 

We  aJk  no  dial'is  on  die  pablic  fource  (o  Iry  experimeiTli 
on  Ihe  fubject,  (hefe  liavi;  bi^n  already  compleally  made  at 
our  own  (txpence,  and  all  we  demand  ii  our  country  locon. 
dercend  to  reap  the  fruit  of  our  excriiona;  if  flie  doot,  we 
lliall  rely  on  her  generoliiy  lo  recompcnce  ai,  convinced  that 
(be  will  have  ample  proof  that  we  have  deferved  it;  bid 
ihould  this  not  be  the  cafe,  we  will  not  reft  contenled  with 
having  dilciiarged  oar  duly,  in  doing  (be  moR  we  couM  to 
fervD  her ;  which  if  we  Ihould  be  fo  happy  as  lo  efTed,  we 
will  never  regret  our  iroublc  or  colt. 

Having  (has  ftaled  ihc  daims  which  the  fubjc^  hat  to  pub- 
lic attention,  1  (hall  proceed  (o  relate  ihc  performance  of 
[he  Qiip  al  lea,  which,  as  (lie  failed  in  company  with  a  \uge 
convoy  both  oat  and  home,  is  >  matter  of  loo  pubtic  a  natare 
lo  adinit  any  miilatement  I  mighi  wjlh  lo  make,  which  God 
knows  U  tar  from  my  delir e. 

On  the  2'2d  o)  Augutl,  1 60*^  The  patent  ftiip  Economy 
weighed  anchor  ulT  Giavefend,  with  but  a  rmall  cargo  aboard, 
M  i»  ufual  lor  fliips  outward  bouiul  lo  her  dcfiinalion,  and  ft* 
ItH  on  her  voyage  lo  Trinidad  and  Grenada;  and  on  the  14t(i 
Odober  following  arrived  at  Grenada  ;  her  performance  on 
Ibil  voyage  h  befi  dated  in  her  Captain's  own  wordi,  in  the 
following  exlrafl  from  a  leMer  lo  Wa),  Lofhtngton,  £(<{, 
London. 

SIK,  Graiada,  OH.  I5lh,  ISO*. 

liiave  ihc  pl^afuio  to  inform  you  of  the  fhip  Economy's 
fefd-arriva)  hero  yenerdayovening.  W«  bad  a  fine  pafliige, 
■  ^"  !•  •  and  , 
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tnd  had  but  one  gale  of  wind  :  The  (hip  performf  as  vtell  as  Sbip  ten  aai 
it  is  poffible  for  a  fliip ;  is  renarkable  eafy  at  fea,  fteers  and  ^^^JS^^  "^dy 
fails  well^  and  is  perfedly  light.    In  Ihe  gale  of  wind  the  « fiea»  ftrftCaf 
Epervier  man  of  war  fprung  her  foremaO ;  the  Robert  Aylward  ^^^  |j  ^^^ 
ditto;  a  brig,  Maflcr  or  brig  named  Swinger*  loft  both  lop-  cKber  ihi^ 
mails  and  parted  convoy  in  lat.  14.  SO  N.    Oar  Ihip  behaved  J^f^^JJJ*** 
extremely  well  and  never  drained  a  rope  yarn,  accidtiiti 

(Signed)  ALEXANDER  SMITH. 

From  the  period  of  this  letter  (he  remained  at  the  We(i  ^bjed  u  tht 
Indi^  iaands  until  the  23d  of  Joly  1S03 ;  being  detained  there  b;^>|«acb 
the  greateft  part  of  that  time  by  the  arrival  of  the  French  fleet,  fleet, 
which  was  afterwards  chafed  back  to  Europe  by  the  gallant 
and  ever  to  be  regretted  Lord  Nelfon;  from  the  23d.  of  July,  J^SaeHl^' 
when  ibe  (ailed  for  England,  to  the  $9th  of  061.  when  (heYJotentfalst, 
caft  anchorofl^Portfroouthon  tlie  Mother-bank » (he  experienced  *?!•**?•• 
a  feries  of  fevere  weatherj^nd  violent|gales  of  wind,  in  which  moD&s,  (out 
fome  of  the  fleet  with  which  (he  returned  foundered,  and  ^P*  <>'  ^ 
oiheri  were  obliged  to  bear  away  for  America  for  (belter,  through  fefcrity 
The  remarkable  bad  paflage  home  of  the  Leeward  ifland  fleet,  of  wctther. 

Whv  tKU  fe»jja 

of  which  (he  was  one,  is  too  well  known  to  need  much  de-  trial  iiifttf-'** 
fcription:  all  feameo  muft  be  fen(iblc  that  three  months  tofling  ficknc  j^roof  of 
on  the  Atlantic  ocean  in  fuch  hard  weather,  beating  upagainfl  |[|^Jf^^' 
contrary  wind^i  to  a  veflfel  as  deeply  laden  with  fugar  as  the  ladtA, 
(krews  could  comprefs  it  into  her,  mud  have  been  a  mod  fe- 
vere trial*  and  that  if  (be  had  a  fmgle  weak  part,  or  defective 
principle  in  her  condrudicn,  it  mud  have  given  out  in  that 
time :  but  while  mod  of  the  other  fliips  of  the  fleet  met  with 
more  or  lefs  damage  both  to  themfelves  and  their  cargoes,  (he 
bore  through  all  without  the  fmalled  accident,  and  brooghl 
home  her  fugar  perfectly  dry  and  fafe ;  which  was  notxom- 
pleatly  difcluirged  until  Jan.  1 806  (on  account  of  her  deten- 
tion at  Portfmouth,  through  contrary  winds  from  whence  (he 
(he  did  not  get  to  London  before  tlie  27th.  of  Nov.  on  which 
day  (he  hauled  into  the  Wed  India  dock,}  or  this  account 
would  have  been  made  public  before.    A  further  proof  oftookthie 
the  dabUity  of  her  frame  work,  is  her  taking  the  ground  with  {^^.J*^'^*^ 
9  full  cargo  on  board  without  any  accident,  at  may  be  feen  TrioaM^ 
more  particularly  in  the  following  account  of  her  performance 
(lome  which  I  received  from  her  Captain. 
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D£A&  Sis,  January  If,  I8M. 

'^  IT  Is  with  plcafure  that  Ihaveleifurc  to  inrorm  jroa  of  tba 
.  performance  of  the  patent  Aip  Eoonomyj  during  the  voyage 
vnder  my  command. 
Captalaf  ac-  "  On  (he  fifth  and  fixih  of  September  lafl,  latitude  3T,  34  N« 

""k^^  we  experienced  a  very  heavy  gale  of  wind,  with  an  heavy 

In  a  vidlen^  i^fe  crofs  fea,  occafioned  by  the  wind  (hifting  to  diffierent  poioli 
the  fhip  per-  p/thc  cQTOpafs  fuddenlyx  and  blowing  with  extreme  violences 
Weill  an4  tt  a  during  the  whole  of  the  gale,  the  Economy  behaved  as  well 
goMfeaboatt  as  I  ever  experienced  a  Hn'p  to  do^  and  much  better  than 
fo<inde?ln  this  ^^old  have  been  expeded  for  fo  fms^tl  a  fbip  ;  in  fine,  flie  ii 
ilorm,  one*  a^  good  a  fea  boat  as  ever  put  l(eel  in  fait  water.  During  the 
^J^"/^'^^^- gale,  two  (hips  it  is  fuppofed,  foundered;  after  the  gale 
rcndeicd  un-      otic  w^^  abandoned  as  not  tenable,  (hould  another  gale  of 

rnanageable,  and  ^^.|,^jj  ^,  ^^  .  ^^^   Prj^^e  of  Wales,  a  (liip  of  300  tons, 

taken  in  b)W|  % 

«2ul  feveral         had   every  thing  wafhed  from  her  deck  :    The   Princefs  of 

^tber*much  Wales,  a  (hip  of  the  fame  (ize,  broke  her  rudder,  and  was 
left  in  tow  of  the  Hyaena  floop  of  war.  Several  other  (hips 
met  wttli  confidcrable  damage,  which  proved  undeniably  the 
The  Economy  violence  of  the  wind.  Notwithftanding  the  lumbered  flate 
ddenf^an'd^s  ®^  ^^^  Kconomy,  wc  loft  nothing  off  deck,  and  I  don4  think 
'very  weatherlyt  there  was  a  (hip,  large  or  fmall  in  the  fleet,  that  made  better 
hT^^u/b*"^  weather:  (lie  did  not  fail  fo  faft  coming  home  as  going  oaf, 
torn  which  im-'' but  that  is  eafilv  accrunted  fpr,  when  we  confider  flie  was 
pedei  her  failing,  j^^^  coppered,   and  was  out  fifteen  months  on    a  wooden 

ihe  works  and  i  i  /• 

itccnweJJ*         (hcathing,  with  barnacles  as  long  as  your  nnger  on  her,  and 

the  bottom  reftimbling  a  rock  ;  and  was  befides  laden  as 
deep  as  (he  could  ftow.  She  works  and  fteers  aroaz'ngly  well. 
I  would  not  wi(h  to  change  her  if  (be  had  been  larger, 
but  being  only  200  tons,  (he  is  too  fmall  both  fof  my  intereft 
and  the  ^e(l  India  trade. 
Sh9^ remains  c«  fi\^  fhi'p  has  been  perfeflly  tight  all  the  voyage,  although 

a(ter  the  fefere  ^'^  ^^^  ^  ^^U  t^mpcfluous  pafTage,  and  likewife  ran  her  on 
pafl*age,  though  (hore,  fugar  loaded,  under  the  batteries  at  Trinadad,  to 
TrinadaTwiih  a  P^'^vent  her  falling  into  the  hands  of  the  French,  as  we  fup» 
full  cargo  of  '  pofed,  where  we  lay  for  twenty-four  hours,  until  we  dif- 
»"!*''$  covered  that  it  was  Nelfon's  fleet.     In  my  opinion  (he  is  one 

^  of  the  (Irongeft  fliips  in  the  river  Thames  of  her  (ize. 

is  a  very  re-  "The  new  iron  (lings  and  other  ironwork  on  the  yards 

aurkabte  ftrong  gj^^,^^jj  g,y  ^^^[i  fanpuinc  expeflation,  I  have  feen  the  flitp 

covered  \>ilh  flad^.s  of  lightning  when  at  Trinadad*  and  never 

e^p(.■^icnccd 
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experienced  the  leafl  injary  from  fo  much  iron  being  aboot 

the  yards,  owing  to  the  precaution  which  I  took  of  ferving 

(he  iron  work  and  paying  it  witii  pitch,  which  I  thinly  ferved 

as  a  non-condu£lor.    I  have  a  higher  opinion  of  iron  work  ^f  d»«  iii» 

than  ever  I  had,  and  think  the  iron  rigging  in  the  plan  we  -J^  ^^  ^p. 

ufed  to  talk  about  while  the  (hip  was  building,  would  anfwer  taia*t  Ugh 

to  admiration,  and  might  be  the  mean»  of  prefcrving  (he  ^B^iron 

mafti  of  men  of  war,  when  in  aQion,  as  being  lefs  liable  work  in  rigging* 

to  be  cut  with  fliot.    When  I  can  manage  it,  I  mean  to  rig  State  of  ex- 

the  mizen  mad  of  a  (hip  wholly  with  iron,  to  give  ilt  a  trial.  P«i««itoiiMit 

When  I  exarame  the  bottom,  I  will  give  you  my  opinion  of  wUl  be  attended 

the  pieces  of  (beathing  fleeped  in  your  preparation  to  prevent  ^> 

the  worms  from  deAroying  the  bottom.     The  large  rollers  i,^  ^llert  for 

which  yoQ  had  let  in  beneath  the  hawfe  holes  for  the  cables  to  ^^  c$tikM, 

work  on,  were  of  very  great  benefit,  and  I  think  laved  us 

the  labour  of  two  men  io  weighing  anchor,  they  alfo  prevent* 

ed  the  wear  of  the  cables  very  much,  and  were  greatly  liked 

by  the  iaitors^  as  making  the  purchafe  more  lively, 

Your*s  very  Gncerely» 

ALEX.  SMITH/' 

The  iron  flings  which  Captain  Smitli  mentions,  were  on  a  Fvriher  accoimt 
plan  of  his  own,  and  different  from  thofe  ufed  in  men  of  war,  ^^ 
in  not  requiring  above  three  or  four  feet  of  chain  for  each 
yard*  and  ferved  merely  to  fufpend  the  yards  from  the  point 
of  the  tops  I  which  method  greatly  laved  the  wear  of  the 
mafts,  and  permitted  the  yards  to  work  more  freely.  Iron 
flraps  were  alfo  ufed  to  mod  of  the  blocks  inflead  of  hemp. 

The  rollers  for  the  cables  were  about  fourteen  inches  loner  *^  ^^  ^^^ 
and  eleven  in  diameter,  and  worked  on  iron  gudgeons  about  * 

two  inches  in  diameter,  in  braf<«  fockets.  The  rollers  which 
have  been  hitherto  ufed  for  this  purpofe,  were  generally  much 
too  fmall,  feldom  exceeding  the  diameter  of  the  cable;  which 
dimini(hed  fizc  both  increafes  the  fridlion  and  injures  the  cable, 
from  the  fmallnefs  of  the  nip  which  they  occadon  ;  or,  in  other 
words»  from  the  acutenefs  of  the  angle  at  which  the  cable  is 
forced  to  bend  in  patfing  over  them. 

In  concluding  this  account  I  beg  leave  to  mention,  that  I  ^'^  trmfrcrfc 
could,  in  building  another  (liip,  greatly  dimini(h  the   fpace  ufsd  in  future 
neceflfary  for  the  Iranfverfe  forms  ufed  in  my  plan,  by  fctting  in  «*>*•»  ?*•«» 
them  fiirlher  afunder;  and  forming  them  of   iron,    which  **  *^*  '^'"^ 

method 
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—»afid  the  fore 
and  aft  ribt 
fcarped  in  a  more 
economical 

VlCulOd*  - 


TfietMoajr 
wiTI  rcnaln  a  ' 
few  weekt  at 
the  London 
Ducks  for  !■• 
fpe^oB* 


OK  THS  TOErSDO. 

Qielbod  is  fpecified  in  my  patent,  and  that  I  could  aTTo  niakca 
great  faving  in  the  timber  ufed  in  the  fore  and  aft  ribs«  }>j  m 
method  of  fcarping  them»  alfo  within  the  limits  of  my  fpeci- 
fication.  Experience  lias  fince  convinced  me  of  the  foperi- 
ority  of  both  thefe  methods,  of  which  I  had  fome  doubt  when 
I  built  the  Economy,  or  they  (houM  have  been  ufed  in  her. 

It  nay  feem  paradoxical  to  aflfert  that  iron  is  oftantimes 
cheaper  than  wood  in  Ihip  building,  when  it  can  be  ufed :  but 
a  plain  proof  of  this  e>iifts  in  the  bow  of  the  Economy^  of 
wHich  the  three  lower  brcafl-books  are  iron  of  confiderable 
fubftance,  and  yetcoft  Icfs  individually  than  any  of  the  yrooden 
ones  above  them,  though  thefe  are  of  no  extMordinary  girth* 
or  of  much  curvature. 

The  Economy  will  be  a  few  weeks  in  the  London  Docks, 
where  (he  has  now  moved,  for  the  infpection  of  the  public, 
and  where  all  gentlemen  who  are  interefted  in  (hipping  coiu 
cems  may  fee  her  conf{ru6lion ;  and  thofe  who  exaaained  her 
previoOs  to  her  failing,  may  convince  ihemfelves  that  I  have 
exaggerated  nothing,  as  to  the  found  ftate  in  which  file  has 
returned  from  her  tempeduous  voyage. 

Dear  Sir, 

Your  very  humble  fenranf* 

J.  WHITLEY  BOSWELL. 


XIX. 

ExperimaUs  on  the  Torpedo.  By  liftffrs.  Humboldt  and  Ga  t 
LvssAC.  Extra£ied  from  a  Letter  of  M,  Humboldt  to  M. 
Bcrthoilet;  dated  Home,  15  Fru6lidor*  Yatr  13  {Sept.  Q, 
1805.) 

X  HE  curious  theory  with  which  V^olfa  has  enrirbcd  the 
fcience  of  natural  philofophy,  on  the  fubjeA  of  eledricMl 
fiaving  be«n  received  as  authentic  by  ninny  naturalitfs,  renders 
the  phenomenon  of  the  Torpedo  worthy  of  farther  ini^ediga. 
tion..  You  know,  my  dear  friend,  what  was  our  impatience 
to  procure  thefe  fifli,  and  will  perhaps  be  fiirprifed  that'  fi> 
much  time  fliould  clapfe  without  having  heard  from  us  on  the 


•  AnnaJes  de  Chimicy  Vol,  LVL 


fubjea* 
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At  Gmm,  we  perceived  fome;  bat  we  were  then  The fofpMo 
witeat oer  iaflnMMoU.    At  Civita  Vecchia  we ibogbt  them SldW^jSTiSc 
■I  euB*    Bat  doring  our  flay  at  Naplet  we  freqaendj  pro-  not  at  CMn 
cami  fone  very  large  and  iivdy  ones.    In  this  letter  yoa  will^'^'*'** 
Aid  dctaied  the  experinentt  raade  by  M.  Gay-LoAc  and 
ayfelf  OQ  the  powers  of  this  fi(h  (R(i^&4arpcda  of  Linneot)« 
M.  de  Boch,  a  German  nmeralogifl^  well  acqoamled  wilh  all 
the  hfaacbei  of  phyiical  icicncey  was  witnefs  to  our  proceed* 
mft»    I  fend  jou  the  refalts,  giving  fimple  hi6t$,  amDncied 
yMk  theoretical  fpecalattoot.    Oar  experiments  were  cbieAy 
diiefied  towards  the  difcovery  of  that  fiate  of  the  torpedo 
when  it  was  leafl  capable  of  exerting  its  power  open  the  ha- 
ama  frame.     Thit  power  has  been  generally  defcribcd  asThtAockiT 
dearicd ;  hot  the  fenfation  prodoccd  by  it  is  materially  difier-  ^^^^^t^ 
«■!  from  that  caufed  by  the  difefaarge  of  a  Leyden  phhd.-— iiui  of  «Mlri» 
Having  no  other  book  by  as  befides  the  work  wherein  Aldini  *  ^* 
combines  the  rcfearches  of  Geofroy  with  thofe  of  Spallanamt 
and  Galvanic  it  is  not  to  be  expeded  Ihat  we  (hould  compare 
oor  experiments  with  thofe  which  may  have  been  previoufly 
made  by  other  philofophers. 

1 .  liioagh  the  ftrength  of  the  torpedo  is  fer  inferior  to  that  l^owws  tf  dit 
of  the  gymmotas,  it  is  equally  capable  of  caufing  painfal  fee-  tbSoife  ofdM 
fetionsu     A  peribn  niach  accaflomed  to  eleAric  (hocks^  can  tyoawtat  of 
hardly  faftain  chat  of  a  lively  torpedo  of  lour  decimeters  {\6  fh^STrf^Ae 
inches)  in  length.    The  animal  ads  underwater,  and  it  is  torpedo  nan 
only  when  it  lofes  ftrength  that  the  fluid  impedes  its  adion.  ^j^|j|JJ^^*« 

In  this  cafe,  M.  Gay  LuflTac  obCerved  that  ihe  fluick  is  not  it  aftt  under* 
perceptible  till  the  fiih  is  raifed  ab<ive  the  furfece.  ^^  "fnt^u 

2.  1  obferved,  when  in  South  America,  that  the  gymnotus  .^tAd  Icemtta 
give*  the  mod  violent  (hocki:,  wilhout  any  exterior  movement  ^  ■■**«  *ff<** 
of  the  eyes,  the  head,  or  the  fins:  it  appeared  as  tranqoil  as  jio^m,     ^^^^ 
a  perfon  when  palling  from  one  idea  to  another,  or  from  oife 
fenfation  to  another*     Not  fo  the  torpedo :  We  obferved  a 

convuf five  movement  of  the  pedoral  fins,  c^ch  time  it  gave  a 
fliock,  which  was  more  or  lefs  violent  according  as  the  furfece 
was  larger  or  fmalfer  wherein  the  contad  took  place. 

i.  The  powers  of  the  torpedo  and  gymnotus  cannot  be  ex-  Shocks  Iraoi  t}« 
cited  at  pleafere,  as  we  (hould  difcharge  a  Leyden  phial  or  a  j^^j^^^^^^^^^ 

aocWoteancd 
•  Memoifes  fur  la  TorpiUc,  dans  iXflfai  fur  le  GaiTaiikfm»  Ibai  br  itritatiii| 
Vol.  II.  p,  61.  theanaail. 

Gondudor. 
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condodoTi    A  fl)Ock  is  not  alvrays  felt  on  touching  aneleiSrSe 
fifbt  it  muil  be.irritakd  before  it  will  give  liie  fliock*     This 
m^ion  depends  on  the  will  of  the  animal,  whofe  eledrio  powers 
•perhaps,  are  not  kept  conltantly  charged ;  yet  it  can  recover 
them  with  wonderful  celerity,  as  it  is  capable  of  giving  a  long 
fuccef&on  of  fliocks. 
The  ftkotk  ob<       4*  The  (hock  is  felt  (the  animal  being  difpofed  to  give  it) 
uiaedbyamer^as  well  on  touching  wilh  one  finger  a  iingle  far&ceof  the 
§ogiu,  eledric  organs,  ax  on  applying  the  two  hands  to  the  two  far- 

faceB,  the  upper  and  under,  •  at  once.     In  both  cafes  it  is  in- 
•  material  wliether  the  perfon  applying  his  finger  or  hit  two 
-hands,  be  infolated  or  not. 
— kot  the  con-       ^-  When  an  ifolated  perfon  toacbea  the  torpedo  with  a  finglo 
tM&  muft  be      finger,  it  is  indifpbnfible  that  thecontadt  be  immediate,  as  no 

Mttalt  feem  to  ^^^  ^il^  ^  ^^^^  i^  &  conducing  body  (of  metal  for  example) 
be  non.con4»c-  be  inlerpofed  between  the  finger  and  the  organ  of  the  fifh.— 
Seek  of  the  ^^^  ^^**  reafon,  the  animal  may  be  touched  wilh  impunity  by 
torpedo,  •  means  of  a  key,  or  any  other  infirument  of  metal. 

6.  M.  Gay-Ludac  having  made  this  important  obfervation, 

we  placed  a  torpedo  on  a  metal  difh,  with  which  the  inferior 

furface  of  its  organs  were  in  contad*     The  hand  which  fnp- 

ported  this  difh  experienced  no  Qiock,  whilf!  another  ifolated 

perfon  irritated  ihc  animal,  whofe  con vuIfive-movemeDl  of  the 

pefloral  fins  indicated  a  molt  vioient  emiffion  of  theeledric 

fluid. 

Expcriaeott  7.  When  on  tlic  contrary,  a  perfon  held  the  torpedo  in  a 

wtiich  (hfw  that  metal  difh  in  his  left  hand  (as  in  tiie  preceding  experinient], 

^^        ^   *     and  with  his  right  touched  the  fuperior  furface  of  ti)e  eledric 

organ,  he  experienced  a  fmart  fliock  in  both  arms  at  the  fame 

momcuit. 

8.  The  fame  was  fcl(«  on  placing  the  fi(h  between  two  metal 
plates,  whofe  edges  were  not  in  contact  with  each  othert  and 
applying  the  two  hands  at  once  alx>ve  and  below  them* 

9.  fiut  if  the  edges  of  the  metal  plates  be  fufiered  to  touch 
each  other,  nofl)ock  will  be  felt  in  either  arm.  The  commu- 
nication between  the  two  furface;*  of  the  organs  is,  in  this  cafe, 
formed  by  the  plates ;  and  the  new  connexion  arifing  from 
the  contad  of  the  two  hands  with  the  plates  is  without  efied. 

Theofismof        10.  The  mofl  fenfible  electrometer  manifefled  no  electrical 
the  torpedo  have  ceDfion  in  the  organs  of  the  torpedo;  in  wliatever  way  it  was 

^'elearo^.^  applied,  it  was  not  in  the  leafi  affected  j  neither,  on  directing 
•cr.  it 
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It  towards  ~(he  organsf  nor  in  infalating  tbo  fi(h,  covering  it 
with  a  metallic  plate,  and  making  a  communication  between 
this  plate,  by  means  of  a  conducting  thread,  and  the  condeofer 
•  of  Voita,  was  there  any  indication  (as  with  the  gymnotus) 
that  the  animal  ai&dled  the  eieolric  intend ty  of  funounding 
bodies. 

1 1.  As  elcdric  fifli,  when  healthy,  exercife  their  powers  as  Examinatioa  of 
forcibly  beneath  the  water  as  in  the  open  atr«  we  were  led  to  powm  of  wm« 
.examine  the  conducting  properties  of  this  fluid.  Several  per* 
fons  formed  a  chain  of  hands  between  the  fuperior  and  inferior 
furfaces  of  the  organs  of  the  torpedo :  the  fliock  was  not  felt 
until  they  had  wetted  their  hand«.  TJie  ad)  ion  was  not  inter- 
cepted when  two  perfons  fupported  the  torpedo  with  their 
right  hands ;  and  inftead  of  holding  each  other's  left  hand, 
they  each  plonged  a  metallic  rod  into  water  placed  upon  an 
ifolated  body. 

12m  By  fubditoling  flame  in  lieu  of  water,  the  communica-  FUme  Am  not 
tion  was  deftroyed,  until  the  rods  touched  each  other  in  the  ^^f^  '^ 
flame. 

13.  It  muft,  however,  be  obferved,  that  in  waler,  as  in  No  Aock  cin  be 
air,  the  (bock  was  not  perceptible  without  an  immediate  con-  ininediitt 


taff  with  the  body  of  the  electric  fifli ;  the  lead  poflible  inter-  tad  with  the 
vention  of  the  water  prevented  it.  This  fact  is  the  more  re-  ^ 
markablc,  as  it  is  known  that  in  galvanic  experiments,  where 
the  frog  is  immerfed  in  water,  it  is  fuflicient  to  direct  the  (ilver 
forceps  towards  the  mufcles  (o  caufe  a  contraftion,  though  a 
body  of  water  be  interpofed,  equal  to  one  or  two  millimetres 
in  thicknefs,  or  about  one-twentieth  of  an  inch* 

Thcfe,  my  dear  friend,  are  the  principal  obfervalions  which  Organs  of  the  ' 
we  have  made  on  the  torpedo.     The  experiments,  J^o.  4  aAd  ^p^ble  of  mv 
10,  prove  that  the  electric  organs  of  ihcfe  animals  are  not  faf-  excefa  of  charge, 
ceptible  of  any  intenfity  or  exccfs  of  charge.     Their  a6lion 
may  rather  be  compared  to  th^t  of  a  coinbinalioQ  of  Leyden 
phials  than  to  the  conductor  of  Volta.     Without  communica- 
tion no  fliock  could  be  felt :  and  having  experienced  the  power  Doobt  whether 
of  the  g)mno(us  through  very  dry  cords,  I  imaj;inc,  lliat  where       j,^„,  ^^^  ^ 
I'have  been  afltrcted  by  this  powerful  animal  without  direct  felt  without  ac- 
"conta^,  it  had  been  occaiioi^ed  by  fome  deficiency  in  my  in-  JJJ^jj^ 
folated  Hate.     If  the  torpedo  ad  by  poles,  that  is  by  an  elec- Toi^do  f«p- 
tric  equilibrium  which  potfelTes  a  tendency  to  rcplcnifli  ilfcif,  ^fi^^^i. 
experiments  5  and  6  feem  to  prove  that  ihefe  poles  exift  neariibriam,  dieop« 

cachP®^*^"^^*"* 
very  near. 
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etch  other,  on  the  bme  furface  of  the  ofgan.    The  (bock  it 
felt  on  merely  touching  the  farfaoe  with  the  finger,    A  pitte 
mterpofed  between  the  hand  and  the  organ,  {Exp^  6,)  re-elUu 
biiihes  the  equilibrium,  and  the  hand  which  fuftains  the  plate 
it  not  affefled,  becauic  it  is  placed  beyond  the  current*    But 
O^dions  to    if  we  fuppofe  an  heterogeneous  number  of  poles  upon  each 
dut  notion.       jiiffcce  of  the  organ,  whence  does  it  arife,  that,  in  eovering 
thefe  furies  with  two  metal  plates,  whofe  edges  donottotcrh 
each  other»,and  placing  the  hands  on  thefe  plates,  theeqoili- 
briam  (hoald  be  found  an  the  arras  ?  Why,  it  may  be  alked, 
does  not  the  pofitive  eledricity  of  the  inferior  furface  feek 
at  the  moment  of  explofion  the  negative  eledricity  of  the  next 
orneareA  pole,  but  rather  feek  it  in  the  fuperior  furface  of  tlie 
etedric  organ  ?     Perhaps  thefe  difllCnlties  may  not  be  infur- 
mountabie ;  yet  the  theory  of  thefe  vital  avians  well  defenres 
Coflfideratio&s    attentive  refcarch.  .  Geoffroy  has  proved  that  thornbacksf  who 
01  sheory.  ^|y^  ^^  g^^^  ^  ele6tricity»  are  furniibed  with  organs  analo- 

gous to  tboTe  of  the  torpedo.  The  lead  injury  on  the  brain  of 
the  torpedo  deftroys  its  eledric  powers.  The  nerves  are  no 
doubt  concerned  chiefly  in  thefe  phenomena ;  and  the  phyfio- 
login  who  fliould  admit  the  power  of  vital  adions  might  with 
fuccefs  oppofe  the  theory  of  the  naltira4fft,  who  would  endea* 
vour  to  explain  all  by  the  conlaA  of  the  albumino-geUtinoits 
pulp  of  the  nervous  laminae  wherewith  nature  has  endowed 
the  organs  of  the  torpedo. 


SCIENTIFIC  NEWS. 

Prizes  pmpnjcd  by  the  Univerfity  and  Acadiwy  nf  Wihta,  t«. 

June^  1805. 

CLASS   OF   SCIENCE    AND   MEDICINE. 

Firji  Prize. 

Tq  determine     ijESIDES  the  diabetes  mellitus  of  the  authors  on  medicine, 
whcito ^ccha>  ^^^  there  any  other  diforders  peculiar  to  man,   whiclit  ao- 


rinc 


take^toceia      cording  to  experiments  well  afcertained,  produce  in  different 

Jhff  ^^J"*  *^  orgians  a  fecrelion  (imilar  to  fugar,  fufficiently  abundant  to 

Icdcd  in Mbap  finally  occafion  confumption  ?  And  vvhat  are  thefe  diforders} 
ttsaMiUtvu.  '5  '][tl 
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fh  k  note  00  this  fiibjed  k  is  recommended  (o  examine  for 
laccharine  matter,  the  fluid  fobftance  of  colliquative  fweftts; 
tbmt  fmxiaced  in  the  ^hxus  caliacus,  and  in  ihe  pttuitous  con* 
famption  from  lungi,  which  after  death  are  not  ulcerated ;  and 
the  milk  of  women  affli^ed  with  tiie  gaUa^irhiga. 

Second  Prize, 

What  are  the  true  charadcrs  and  the  caufes  of  the  malady.  To  itemia  tlit 
which  although  not  exclufively  appertaining  to  Polaod*  *•  **"** 2*1  il? 
iiowcver  called  the  PUca  PoUmica  f  Are  tbisre  any  means  ofp«riir«ii:i, 
curing  this  difeafe  more  fuccefiiful  than  thofe  hitherto  en- 
ptfiyed  ?  and  what  are  thefe  means  ? 

ThM  Prize. 

What  are  the  principal  maladies  of  vegetables  ?  And  what  ReUtive  t»  tke 
is  the  trne  analogy  between  them  and  thofe  of  anlmak  ?  l^|u^  ^  **' 

CLASS  OP  NATURAL   PHILOSOPHY  AND   MATHEMATICS.- 

Prize. 

Suppofe  a  canal,  through  which  a  certain  quantity  of  water 
nk,  ffowi  in  a  given  number  of  fecondi,  through  a  tranfverfe 
fe6ion  of  a  given  depth  and  breadth,  terminated  by  the  two 
banks :  If  on  this  fe^ion  a  dam  u  conftmded»  at  the  top  of 
which  an  opening  is  made  tor  the  water  to  pafSf  of  given  di-i 
menfions;  it  is  demanded  according  to  what  law  the  water,  Th«  law  tt  4e« 
elevated  by  the  obfiade  which  the  dam  prefents,  will  '^"J'Awiilw 
forced  to  rife  not  only  at  the  dam,  but  backwards  along  the  rifes  in  a  canal 

canal,  behind  a  dam, 

at  dM  tap  of 
Fomvbe  are  required  fuflficiently  general,  to  be  applied  nol  ^mch  a  gifca 

only  to  the  quantity  of  water  w,  but  to  any  other  m+x'F^"**''**^ 

Experience  not  exactly  agreeing  with  the  theory,  the  neoef- 

I'ary  corrc^ions  muft  be  made  to  the  fbrmulse,  and  prooft 

given  from  /ads  and  obfervatiuns,  (hewing  how  nearly  they 

sipproach  the  truths 

CLASS   OF   MORAL   AND   P0LITICA&  OUNCES. 

Prize. 

As  tbe  feiences  of  natural  philoibphy  and  mathematics  make 
daily  advances  and  are  enriched  with  new  dtfcovf*rief|  itk 
demanded-— 

Ifk. 
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Oil.  why  moral       1ft.  Wfiv  the  fame  doe9  not  take  piece  in  the  moral  fti^ 

Icicncc5  do  not    ^^^^^^ 

nuJu  the  fame  . 

progrefs  as  the        '2i\.  Whether  amot)g  the  different  branches  of  thele  fcienoef^ 

^if  *h^^       .    there  be  any  capable  of  a  farther  degree  of  perfedion  f  Aod 

farther  1m-*"      what  ihefe  are  ? 

proved?  5,^.  Xo  what  degree  are  they  of  this  nalure?  And  what  are 

binindf  to  their    ^^^  limits  to  their  farther  improvement  ? 

perftaibiiity  r        4th.  What  are  the  moft  proper  methods  to  advance  Ifie 

beft  metbodi  ttt  ™^'^®'  fcicnces  to  this  boundary  of  perfedllon  ? 

asuin  tbk  poini?  It  is  dffired  that  the  di/bufft.m  of  (his  Jabje6i  may  he  conducted 
Jbattn  prejhnt  rtflciti,  ichich  may  contribute  to  the  perfeHion  of 
that  theory  qf  Le^f/Iution,  vf/tick  is  mofi  conformable  to  the  nature 
qf  man,  ' 

Second  Prite. 

Tenets  of  Adam     To  determine  (by  making  an  analyfis  of  political  econony) 

£*faa*°>  ^^^^  ^^^  ^^'®  points  in  which  liie  leading  notions  of  Adam 

Smith  and  Doctor  Quefnay  agrec»  and  in  what  they  differ^  or . 
are  oppofite  ? 

This  examination  muji  necejpirily  produce  rcfults  vfeful  to  tkc 
progrefs  qf  political  economy. 
AflNont  of  I'he  pnze  for  each  of  thefe  quefiions  is  100  golden  ducats  of 

ansc^and  Uft  Holland  (46/.  5^.) ;  and  the  lafl  day  for  the  reception  of  me- 
ceiriag  me-  moirs  on  medical  fubjects,  the  Sift  Auguft,  1807 ;  and  for  ibe 
noift.  Others^  the  fame  day  and  month  in  1 S06. 

Conditions  to  be  obfi.rved  by  the  Candidates, 

To  each  memoir  fcnt  in  mud  be  attached  a  feparate  and 

fealed  note,  containing  the  title  of  the  work,  and  the  name 

and  addrefs  of  the  author:  This  note  will  only  be  opened  by 

the  Univerlity  if  the  work  (hall  obtain  the  prize. 

Memoirs  to  be       Tlie  memoirs  muft  be  written  legibly,  in  Latin,  French,  or 

Jv^SToJpt-'  ^^^'"^  languages.  The  packet  Qiould  be addrcfled  to  the  Reaof 

uih*  of  the  Uoiverfity  of  Wilna,  and  addrefled  to  one  of  the  bankers 

of  that  city,  MM.  Keyfer  or  Karner,  that  it  may  go  free.  The 

Re6ior  will  give  a  receipt  to  thefe  bankers. 

The  UniverCit^'  (hall  not  be  obliged  to  return  either  tbe  me- 
moirs or  the  drawings  fcnt ;  but  the  authors  will  always  be 
per^nllted  to  take  copies  of  them. 
CondltfoM  ija-     The  Univerlity  engages  not  to  print  any  of  the  works  (cnt 
copy^fh^^c!  ^^^^»  without  permiffion  of  the  authors ;  but  the  authors  may, 
€f  the  memoin.  gt  any  time,  print  them  if  they  think  proper. 

The 
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Tlie  diflribution  of  prizes  Qiould  take  place  lj<ifore  the  ler-  Time  of  diftri- 
mifiation  of  the  years  in  which  ihey  are  to  bt^  deleiuiineil.  The  ''"'"'*  r»««* 
prices  adjudged  Aiail  be  piibhlhed  in  the  gazelle. 

The  author  (hall  receive  his  prize  from  the  adminiArailve 
committee  of  the  Imperial  Umverfity  of  Wihm,  either  in  per* 
Ton  or  by  deputy.  The  prize  will  be  at  his  option,  either  a 
gold  medal  or  100  golden  ducats  of  Holland. 

The  Profeflbrs  and  honorary  members  of  the  UniveriUy  of  Profeflbn  of 
WiW,  cannot  be  candidates  for  the  prizes.  ^^  *!,?!  "<>«  ^  fcc 

Revived  Precipitates  from  alkaline  SoluUuns  of  metallic  Oxidee, 

M.  Klaprotb,   a  little  before  his  deceafe»  difcovered  that  Alkaline  futo- 
the  folution  of  the  metallic  oxides  m  the  alkalis  are  as  eafily  ^^"jf'^^}^ 
precipitated  in  their  metallic  flatct  by  the  other  metals  foluble  faced,  in  tlw 
in  the  fame  alkaHs  as  are  the  acid  fulutions  of  thefe  metals  by  T*^*!!!^^^^*. 
phofphorus :  He  has  made  a  very  ingenioas  application  of  this 
procefs  to  the  analyiisof  tin  ores,  ac'cording  to  the  method 
which  19  defcribed  in  his  Beitraci^e  :  In  this  operation  tongdeia 
is  feparated  from  tangRate  of  ammonia,  by  the  addition  of  zioc, 
in  the  form  of  black  fiakes« 

Experiments  on  falling  Bodies,  by  Af.  Bbnxenbkkg. 

M.  Benxenberg,  profcfTor  of  phyfic  and  ai)ronomy  at  Duf>  AH%ng  bdjr 
feldorp,  publiflied,  foroe  months  ago,  twenty-eight  cxperi- ^"'!"'**[J. 
ments  made  with  ball*  well  turned  and  pofiQied,  which  were  ea!>,afterpaf« 
made  to  fall  from  a  height  of  2^2  French  feet:  At  a  medium  ^?«  ^"'"«^ 
they  produced  five  lines  of  deviation  towards  the  eaft,  ac- 
cording to  the  determination  of  the  plamb-line,  and  the  theory 
gives  four  lines  fix  tenths.     Thefe  experiments  were  made  in 
the  coaUmines  of  Schebufch ;  they  are  an  addiiional  proof, 
if  \t  were  neceflary,  of  the  rotatory  movement  of  the  earth, 
of  which  no  one  now  doubts.    The  laft  experiments,  made  at 
Bologna  by  M.  Guglielmini,  gave  nearly  ihe  fame  refults. 

Geography. 

'Great  pains  are  taking  in  tlie  conAruflion  of  an  accurate  Map  of  KoIfaDA* 
map  of  Holland:  The  fame  precautions  have  been  ufed  in 
this  bafinefs  as  in  the  meafurement  of  ihc  degree  of  the  meri- 
dian.    M.  de  Zach  has  pobliHied  in  his  Journal  the  chart  of 
the  triangles  which  have  been  coroplelfd  :  Thoy  are  joined  to 

(hofe 
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Ibofe  which  M.  Delambre  made  for  the  great  meridisn  ;  and 
thediftance  from  Dunkirk  to  Montreal  has  been  taken  for  the 
iirft  bafe.  When  the  triangles  are  fini(hed,  a  bafe  will  be 
meafured  towards  the  north,  to  ferve  for  the  verificaf  ion  of 
the  work.  The  Balavtan  republic  have  entruiled  the  direc- 
tion of  this  map  to  Colonel  KrayenboflT. 

Chtfte^die  Some  months  ago  there  appeared  at  Peteribargfa  a  very  fine 

WM«  S«^  bydrogiaphical  chart  of  the  White  Sea,  of  wliich  Oeoenil 
tM9oft  Kautouzoff  is  the  author :  Many  naval  officers  have  worked 

under  hi.s  diredion  for  four  years,  in  colleding  the  materialt 
iiece0ary  to  coropofe  tliis  chart.  The  eoafts  of  the  White  Seat 
of  its  gttlphs,  and  of  a  part  of  the  Northern  Ocean,  have  beea 
laid  down  IrigonometricaHy.  The  depths  have  been  carefoUy 
founded ;  and  fix  of  (he  principal  points  of  the  coaft  have  been 
determined  by  afironomical  obfervations* 


II.  Lardgoe*i        ^^*  Lartigue  having  been  engaged  for  thirty  years  in  ooiu 


.  of  Anerica  flruding,  at  the  marine  depot  (of  Parifi)«  a  large  and  beaotifiil 

'^  map  of  America  in  relief,  has  at  length  completed  it.    It  it 

faid  that  the  mountains,  and  the  iflands,  and  the  lints  of  tbe 

fea,  are  alt  exhibited  in  a  manner  moil  capable  of  interefting 

thofe  who  make  geography  their  (ludy. 

Espa^tfioe  of        Several  months  ago.  Captain  Lewis,  in  America,  onder- 
Capt.  hnii$  up  took  to  afceod  the  river  Miflburi,  in  fearch  of  a  pailiige  to  tbe 

South  Sea.    Very  interefiing  intelligence  may  be  fooo  ex* 

peded  firom  this  expedition. 


Sarvvy  of  '^^^  ^^  ^  *^*  government  forvey,  or  cadqfire,  of  France. 

Fniice.  has  proceeded  with  adivily ;  2000  perfons  are  employed  in  il 

in  the  108  departments. 


EfeSi  qf  Heai_  on  Magnetifm, 

M.  Coulomb  has  publiftied  an  intereding  memoir  on  tte 
'mTQ^,  ^Ss6L  of  heat  on  magnetifm.    At  200  degrees  of  beat,  two* 
fiiUn  of  it  are  defiroyed,  and  the  whole  at  700  decrees. 
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ARTICLE   L 

Experiments  on  the  Temperature  qf  Water  Jkrrounded  hy  freezing 
Mixtures.    In  a  Letter  from  Jouv  Gov  gh,  Efy, 

To  Mf .  NICHOLSON. 
SIR,  Middiejhaw,  Jan.  29,  1806. 

iVXANY  philofophers  have  tamed  their  attention  to  the  di- Ezpaofion  of 

latation  obfervable  in  water  when  cooled  below  40  or  41  dc- J^*^'  *"  coftflnf 

below  Ai  dec* 
grees  of  Fahrenheit's  fcale,  and  alfo  to  the  no  lefs  Angular  fad 

of  water  retaining  iti  flaidity  for  a  confiderable  time  when 

expofed  to  a  freezing  mixture,  without  being  agitated.     Bat 

one  circumftance,  relating  to  the  latter  phenopienon,  appears 

to  have  efcaped  the  notice  of  them  all ;  which  in  all  probabi« 

lity  will  prove  of  fome  importance  to  both  enquiries. 

We  know  from  common  experience,  that  when  a  hotter  and  Explained  by  i 
colder  body  come  into  contad,  the  former  will  lofe  and  the  of^^^^JJSc. 
latter  acquire  heat,  until  they  arrive  at  an  equality  of  tem-  tare  that  ice 
perature.    The  frequent  opportunities  every  one  has  of  mak-  i|J*J,j||,te  g— ^ 
ing  this  obfervation  have  authorifed  it  to  pafs  for  a  general  ftalt  at  thttiMi^ 
rule;  hence  it  has  been  concluded,  that  water  in  a  ftaie  of  P**'*'** 
reft  may  be  cooled  many  degrees  below  the  freesiog  point. 

Vol.  XIII.--MAkCH.  1806.  P  and 
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and  dill  remain  fluid.  For  my  part,  I  adopted  ihe  inaxia 
without  hefitation,  unril  Ihe  perufal  of  Dr.  Hope's  paper, 
given  in  the  fupplement  to  your  lad  volume,  led  me  to  reafon 
in  the  following  manner  on  the  fubje^l. 

When  viater  is  expofed  to  a  freezing  mixtur^^  thofe  parti* 
cles  of  it  which  are  in  conta6l  with  the  (ides  of  the  veflel,  are 
loon  reduced  to  a  temperalure  lower  than  the  point  of  con- 
gelation;  in  confequence  of  this,  they  are  probably  converted 
into  minute  icicles,  which  impart  a  quantity  of  caloric  at  Ihe 
moment  of  their  formation  to  the  furrounding  water,  tberebf 
preventing  its  temperature  from  fmking  below  32^.     Thefe 
invifibic  bodies  afterwards  begin  toafcend  flowly  on  account 
of  the  diminution  intheir^ocific  gravity;  and  while  they  rib 
towards  the  furface  of  the  water,  other  particles  will  approach 
the  (ides  of  the  veflfel  in  fucceflion,  and  undergo  a  firailar 
transformation.     This  procefs  would  evidently  increafe  the 
volume  of  the  water  without  reducing  its  temperalure.  Tup* 
poilng  it  to  be  ice-cold  at  the  commencement  of  the  experi- 
ment; for  the  hypothefis  reds  on  the  fuppofition  that  water 
freezes  as  foon  as  it  li  cooled  below  the  32nd  degree  of  Fah- 
reniieii's  fcale.     This  gradual  increafe  of  bulk  will  explain 
the  appearances  defcribcd  by  my  friend  Mr.  Dalfpo,  who 
found  that  thermometers  filled  with  water  continued  to  rife 
when  expofed  to  freezing  mixtures,  until  the  enclofed  water 
jQpngealed  fuddenly,  and  trequentiy  bur(l  his  indruments.  The 
reafon  why  agitation  accelerated   the  congelation  of  water 
thus  ciiromdanced  appears  to  be  (liis :  Wheja  the  invi£Ue 
*'  ,  icicles  become  very  numerous,  ibe  lead  motion  carrift  tfecia 

in  crowds  againd  the  fides  of  the  veiTels ;  where  the  (mail 
quantity  of  water  contained  amongd  ihem  crydallizes  iouae* 
diately,  and  cements  the  whole  into  a  film  adhering  to  the  in* 
iide  of  the  cup.  This  theory,  or  hypothefis,  call  it  what- 
ever yoAi  think  proper,  evidently  requires  water  (o  be  what  k. 
really  is,  numejy,  a  bad  conduflur  of  heat ;  and  after  forming 
'\  *  fit,  I  proceeded  to  examine  ihe  merits  of  it  experimentally,  la 
the  following  o)auner. 
Z^mmmt,  ExperimaU  \jL     A   fmall  thermometer  was  fufpepded  at 

wMxoaMbva  tlie4ower  end  of  a  wire,  which  could  be  moved  in  a  vertical 
fcfimii*iii|  diiedtion,  through  a  hole  in  a  horizontal  bar  of  wood,  fixed 
}^^^con^  ^^  *  ^^^  ^^  *^^  purpofe ;  a  veflel,  containing  a  freeaog 
soaed  at  the      misctuntj  of  the  temperature  of  21^,  was  next  placed  with 

fidci  by  ftiirinf  ^  .^  5  its 

Juving  never  '  - 

lUak  betow  31*. 
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lis  centre  under  the  irire  ;  and  the  bowl  of  a  wine  glafs^  filled 
with  two  ounces  of  ice-cold  watery  being  then  properly  placed 
in  the  mixture,  the  thermomeier  which  Qood  at  32^,  was  jib* 
mediately  let  down  into  the  water,  where  it  remained  (hUion- 
ary  for  the  fpace  of  feven  minuter.  A  wire,  cooled  to  the 
freezing  point  was  now  introduced  into  the  glafs^  and  the 
water  agitated  with  it;  vpon  which  a  thick  coaling  of  ice 
formed  on  the  in  fide  of  the  veflel ;  but  no  marks  of  congela*- 
(ioo  were  obfervable  on  the  wire  or  thermometer. 

Ejcp,  2.     The  fame  apparatus  being  ufed,  with  a  mixture,  Exp.  a. 
having  the  low  temperature  of  6^,  the  glafs  was  filled  with  ^*^*'jj.'  ^** 
water  of  58^,  in  which  tlie  thermometer  fell  to  32®  in  7|anintenfo    ^ 
minutes,  by  a  Hop  watch;  at  which  point  it  remained  Hation-  ^csiog  tnU* 
9jy  five  minutes  longer.    The  glafs  was  then  taken  out  of  the  brought  to  ib-' 
mixture,  and  tiie  water  being  agitated,  lined  the  upper  part  tionvy  31^  aid 
of  U  for  about  two-thirds  of  iu  depth  from  the  brim,  with  a  5j^"Jj|Sr* 
porous  covering  of  ice,  but  the  remaining  pari  of  it  was  free  oat  and  flukea 
from  all  incruftalion.  ^  ^P  ^"^  ' 

1  will  ventnre  to  infer  from  the  two  preceding  paragraphs,  Heoce  water 
that  we  have  all  been  under  a  miflake  in  concluding  tliat  water  cannot  be  c»lcd 
may  be  cooled  when  at  reft  many  degrees  below  32^  of  Fah-  ^^  temperatures 
renhek,  without  congealing ;  al  the  fame  time  we  are  certain,  beJow  32^,  at 
that  It  will  preferve  its  fluidity,  when  judiciouny  expofed  toJ^/J,  ^  ^^' 
great  degrees  of  cold,  and  dilate  at  the  (ame  time,  as  Mr.  The  water  thtr- 
Dalton  has  proved.     Now  as  the  heat  never  fclls  below  32*^  ^^p^T'n"^. 
in  thefe  experiments,  the  expanfion  of  the  water  in  Mr.  Dal-  ing  by  (ome 
ton's  thermometers,  placed  in  a  freezing  mixture,  cannot  be  ******' ^^^ 
afcribed  to  a  lofs  of  temperature*  but  muft  be  owing  to  fom^ 
other  caufe,  probably  to  that  wbici)  has  been  alligoed  above. 
As  for  agitation,  the  firft  experiment  teems  to  (hew  its  office 
to  confift  in  bringing  riie  watef,  crowded  with  roinule  icicles, 
intocontadl  with  parts  of  the  vefTel  much  colder  than  itl'elf, 
where  it  is  concreted  into  ice. 

Exp.  3.     To  examine  this  part  of  the  fubjeft  with  more  Exp.  j. 
care,  I  formed  a  cup  of  caoutchouc»  the  capacity  of  which  Repeotion  of 
for  caloric  greatly  exceeds  that  of  glafs ;  or,  I  believe,  that  ftrikiogly  in  a 
of  moft  other  fubftances.     Two  ounces  of  water,    a  little  cup  of  caout*^ 
warmer  than  melting  fnow  being  poured  into  this  cup,  it  was 
placed  in  a  mixture  of  the  temperalur^iif  ]5*,  where  it  re-  ' 
mained  eight  minutes  without  giving  the  leaR  indication  of  a 
tendency  to  freeze.    The  cup  was  now  removed  from  the 

P  2  »     mixture, 
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mixlure,  and  gently  Ihaken ;  upon  which  long  icicles  formed 
in  an  inftant,  projedling  into  the  water  in  all  diredions,  from 
the  caoutchouc  to  which  they  adhered.  This  experiment,  I 
have  no  doubt,  might  be  made  a  very  beautiful  one  by  a  dex- 
terous operatoFi  who  is  in  the  habit  of  exhibiting  natural  ap« 
pearances  to  public  aifemblies. 

Afler  difcovering  that  water  will  dilate  without  any  chang9 
of  temperature  from  warm  to  colder,  at  32^,  I  began  to  tma« 
gine  that  the  whole  variaiLon  of  expanfion  under  41^,  might 
be  explained  on  the  fame  principle,  becaufe  I  believe  all  the 
experiments  relating  to  the  fubjedl,  have  been  made  in  a  cool- 
ing medium,  not  warmer  than  melting  fnow. 
Wattr  expands       In  order  to  try  the  merits  of  this  opinion,  with  an  inftru<- 
hf  •ooUng  be-     n^gj^j  larger  than  a  common  thermometer,  I  filled  a  four-Ouoce 
tadeg?orW-     P^^^^  ^^^^  water,  and  fixed  an  open  tube  into  it,  by  means  of 
gint  to  cryftalise  a  perforated  cork  and  cement ;  but  this  apparatus  proved  my 
^^  "PP»       fufpicion  to  be  falfe.     For  tlic  place  of  the  water  being  marked 
on  the  tube  when  the  temperature  was  41^,  my  bulky  ther- 
mometer rofe  immediately  upon  being  plunged  into  water  of 
34^.    Thif{  fa6t  proves,  that  water  expands  by  a  lofs  of  tem- 
perature between  41^  and  32^;  or  elfe,  that  this  fluid  begins 
to  cryftalize  at  the  upper  term;  in  confequence  of  which  the 
lower  term,  or  32^,  is  not,  properly  fpeaking,  the  commence- 
ment of  congelation,  but  the  point  at  which  the  cryfials  of 
water  begin  to  concrete  into  malTes  by  aggregation. 

I  remain,  &c. 

JOHN  GOUGH. 
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II. 

Account  qf  the  Art  and  Injiruments  ufed  for  boring  and  blafiing 
Rocks;  vAtli  hnprovements.     In  a  Letter  from  G.  C. 

To  Mr.  NICHOLSON. 
SIR,  Briftol,  Jon.  21,  1806. 

Imprmments    xjY  way  of  appendix  to  Mr.  Clofe's  remarks  on  the  ufe  of 
I"  ^tSr"*  "****  ^*"^  '^^  iiemming  mines  in  hard  rocks,  and  his  ufeful  improve- 
ment of  the  pricker,  by  making  it  of  copper  inftead  of  iron, 
allow  me  to  add  two  other  improvements  in  the  art  of  Mailing 

ftone^ 
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Hone,  which  my  own  experience  has  proved  to  dtroinifh  con- 
liderably  the  expence  of  gunpowder,  while  one  of  them,  at 
the  fame  time,  removes  all  danger  from  imperfect  priming. 

I  (hall  alfo,  with  your  permiffion,  as  many  of  your'Corref-Delcripdoa  of 
pondents  muft  neceffarily  be  ignorant  of  the  condrudion  o^tifedla^ni^ 
the  tools,  give  you  a  defcription  of  thofe  now  in  ufe  at  the  ftone  racks  ia 
village  of  Shipham,  in  Somerfellhire,  a  village  wholly  com-  Somcrfedhuf. 
pofed  of  men,  women  and  children,  who  mine  ader  lead  oret 
calamine,  and  odire,  chiefly  in  a  lime-ftone  rock;  a  numerous 
band  of  fome  of  the  (louteil  beings  in  England. 

Thefc  men  dill  ufe  the  iron  pricker,  becaufean  accident  The iranpikkcr 
feldom  or  ever  happens  to  them ;  owing,  I  believe,  in  a  great  rftafdSTfBi* 
meal'ure  to  their  /lemming  with  fpar,  and  their  habit  of  turn-  §»  ftemminsi 
ing  and  loofening  the  inflrument  at  every  half  inch  they  fill. 

The  tools  they  ufe  are  thefe,  Plate  V. 

A.  A  round  bar  of  iron,  bevilled  off  at  one  end,  of  18  Tools  and un* 
inches  long,  and  of  the  diameter  of  half  an  inch.  feJ?«?*'  Aht^ 

B.  A  ditto,  of  24  inches, .  to  follow  when  the  hole  in  eighteen  or 

the  ftone  is  about  1 2  inches  deep.  ?*"^  'i*?*" 

*  deep  and  balf  an 

C.  A  rod,  with  a  loop  for  the  finger,  23  inches  long;  at  iach  in  diameter 

the  bottom  of  which  is  a  round  flat  plate  of  iron  to  draw  out "  'J' ^^  repcai- 
tlie  pounded  Hone  occafionally.  chiflel,  the  edgt 

D.  A  pricker,  2'^  inches  long,  with  a  loop  alfo,  ufed  to  of  which  fits  m 
preferve  a  paflage  to  infert  the  priming  draw,  while  the  hole  ^  |,^]^  ^^  ^ 
is  rammed  or  (lemmed  with  £,  the  iron  rammer,  20  inches  IhiAed  round  be* 
long,  and  which,  fix  inches  or  more  from  the  end,  is  formed  !!Jj^2jJwr* 
into  a  conical  groove,  very  open  at  bottom,  in  order  to  enable 

the  miner  to  ram  round  the  pricker,  and  alfo  that  by  its  (harp- 
nefs  at  the  end  it  may  the  eafier  break  to  dull  the  pieces  of 
fpar  dropped  in  as  fafl  as  wanted. 

F.  A  hammer  with  a  handle  and  (Irap,  about  five  inches 
long;  the  iron  head  weighing  about  four  or  five  pounds,  ac- 
cording to  the  flrength  of  the  operator;  for  fome  have  them 
of  fix  or  feven. 

They  alfo  have  by  them  a  bottle  of  water,  to  pour  occa-  The  work  Is 
tionally  into  the  hole,  for  the  welter  it  is  the  Mer  the  work  J^^liJJ^ 
goes  on.  ftoae  ieoopcd  oot 

At  every  ftroke  of  the  hammer,  the  miner  turns  his  chitfcl,^*^  ■"  ^^**- 

ment. 
by  which  means  he  works  the  bottom  of  the  mine  in  a  regu- 
lar circle,  and  is  enabled  to  keep  his  perforation  true. 

When  arrived  at  the  depth  of  U  or  19  inches,  he  cleans, 

and. 
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The  charge  of  and,  as  ifrell  as  he  ean,  dries  his  mine;  then  inferls  his  charge 
ouAce'(whtch  ^^  guopowdcf,  often  amoonting  to  the  unneceflary  qnanlitj 
is  toe  much),  of  an  ounce,  and  dropping  the  pricker  (o  the  bottom^  with 
oiiellAepfleker'**  fide  touching  the  fide  of  the  mine,  he  begins  by  dropping 
is  put  down  in  into  it  fome  lumps  of  fpar;  and  after  he  has  filled  op  about 
th£  fide  Md  "  ^^  *"^*''  begins  pounding  it  round  the  pricker  with  his  ram- 
inull  pieces  of  met  and  hammer;  tapping  gently  at  firfl,  but  foon  beginning 
fpar  are  dropped  jq  ,.^n,  ^^f «  [jarj    a||  t|,e  while  frequently  turning  and  loofe* 

Jii,  which  are         .......  ^  ^ 

fljghtly  rammed  nmg  Ihe  Circular  pricker. 

and  afterwards  When  the  hole  is  quite  tilled,  he  draws  it,  by  giving  fome 
Tkir^hdc^llaiig  g^i^ile  firokes  on  the  chiiFel  that  he  has  now  palTed  through  the 
fun,  tlie  pricker  loop  to  draw  it  with. 

whUlTftlJI?*  '  ^'®  ^^^"  ^^^^^  ^^^^  "PP^^  J"'"*  °^  ■  ^^^^^  ^"^'  *^^  fmalleft 
filled  with  gun-  he  can  get,  and  having  fiopped  the  fine  end  with  clay»  if  it 

powder  is  put     u^,  j^q  j.,^pj .  j,g  afterwards  places  the  other  end,  cut  oflf  very 

down  in  place  ot 

the  prickar.       bevel  and  (harp,  between  his  fecond  and  third  finger  of  the  left 

hand,  cipfe  to  where  the  fingers  join  the  palm,  forming 
his  hand  into  a  kind  of  bafon,  to  keep  off  the  wind,  and  draw- 
ing the  open  end  ot  the  draw  fo  low  between  the  fingers  that 
he  can  but  juO  prevent  it  from  dropping  on  the  ground ;  when 
pouring  a  fmall  quantity  of  gunpowder  on  the  orifice,  and 
tapping  with  his  oti)er  hand  on  the  ilraw  below,  to  fhake  it« 
it  fpeedily  is  filled. 

Thisftraw  mud  be  19  inches  long  for  a  hole  of  18  at  lesft, 
and  a  little  fliaved  away  at  the  bottom^  but  not  cut  open  of 
courfe. 

Fire  is  given  by      When  thrufi  down  to  the  powder  the  train  is  compleat. 

a  piece  of  touch- 3Q(j  ^Qf  operator  laftly   li^^hts  a   piece  of  touch- wood,  and 
'  places  it  fo  that  when  all  on  fire,  it  fliall  communicate  to  the 

train;  after  which  he  withdraws  to  a  place  out  of  the  line  of 
explofion,  aiKi  waits  its  efl'cd. 

«— which  occa-        And  here  in  blowing  a  we!),  I  found  thSt  nuch  time  was 

b**^s^i'lure^s^  '^^ »  ^^'  "***  ®"*^  ^"^  ^^^  ^*"^*  occafionally  blow  away  the 
danger,  when  touch-wood  before  it  is  all  inflamed^  but  frequently  the  damp 
too  rapid*  e&tinguilbes  it.     I  alfo  found  there  was  danger  to  the  work- 

nan  if  it  went  off  too  foon,  which  the  wind  foroelimes  occa* 
fionii,  or  his  companion  is  too  How  in  haling  him  up;  and 
we  likewife  found  that  whun  they  worked  by  the  day,  and  zve 
found  powder,  they  ufed  an  immodtfrate  quantity. 
Improvementi*        To  remedy  thefe  two  great  eviU,  I  purfued  the  following 

ihrJftdow^the  P^"'  ^^^  ^^^  ^^  which  was  fuggeflcd  to  me  by  an  ingenious 

buk  or  well  pre-  neighbour  and  both  had  tlie  delired  effcd. 

The 
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The  irftexp^iMeAf  I  tried  was  upon  a  Hiigki  Nock' elf  liitt^  liMi  to  ftem- 
flonei  of  iboat  two  ton  weight.     I  charged  the  mine  wilh  jeavf*(^elnch 
of^ly  the  common  charge  ef  a  malket,  at  at  K,  ov€k  wkicb  I  of  wjadage,  left 
drove  a  cork,  as  at  H,  leaving  one  inch,  or  thereabout,  as  at  '^'^^J^  ^ 
I,  over  which  I  rammed  fpar^  as  at  G,  tip  to  cbe  furtace  of 
the  rock. 

I  then  made  a  flit  in  my  ftraw  train,  a<t  at  L,  sndl  pafled  The  Gennaa 
through  it,  as  thrrnrgh  a  lo^p,  a  cut  of  the  Oertian  aii-lree  ^^^^^^^J^ 
fungus;  but  not  liking  that,  a^  endangering  tho  loft  of  the  aid  moic  cerCMa 
priming  powder,  I  cirt  the  flit  in  the  tungus  as  at  N,  paflf-^^^*!^ 
ing  the  ftraw  through  the  flit,  and  cutting  a  fmall  notch  on  ftrawmay  bt 
one  fide  of  the  flraw,  as  at  O.     When  it  was  Aid  down  to  '**"»*  jhtoufh 
it,  being elaflic,  it  clofed  there,  and  filled  the  notch.  fungui 

This  match  burns  floiv  but  fare,  and   no  wind  can  extin-  —which  bami 
guifli  it.     A  great  advantage,  as  I  have  frequenily  witnefl'ed,  c^in't^'aiSli 
in  making  the  new  and  beautiful  towing  path  on  both  (ides  aot  Mown  out 
the  Avon,  from  Briftol.     One  handred  men  lofe  from  ten  mi-  ^^  ^*  '^■^* 
nutcs  to  twenty  and  more  while  getting  out  of  the  way  cfarhiyg 
the  blowing  of  a  mine  near  the  fpot  they  were  levelling,  and 
all  owing  to  ihe  flow  burning  of  the  touch-wood  match,  or 
the  wind  blowing  it  afide. 

This  German  match  is,  I  fancy,  pretty  well  known;  it  it  Account  of  the 
merely  the  fungus  of  the  afli-tree,  macerated  and  hammered^******** 
until  it  becomes  as  flexible  as  a  piece  of  buff  leather,  and  has 
been  called  the  German  match,  I  believe,  from  its  generai 
ufe  on  the  upper  Rhine,  where,  by  its  mean«,  habitual  fmokera- 
of  toheccior  can  light  their  pipei  in  the  open  air,  whatever  may 
be  the  weather;  and  as  a  piece  which  fcarcely  weighs  four 
grains  is  fufficient  to  light  without  danger,  the  largeA  mint*, 
whrle  the  article  is  by  no  means  dear,  and  always  fale,  inex- 
trnguifhable,  and  regular  in  its  burning,  nothing  can  be  more 
ufetui  to  the  practical  miner. 

With  refpeft  to  fand  (which  I  fee  recommended  in  a  DabKn  Stemming  with 
paper  of  only  lafl  week,  as  a  new  difcovery  in  flemming),  it  (UiithoiJIhtS"* 
will  not  always  fuccced,  efpecially  in  thofe  great  mines  of  fucceed  in  mines 
the  CUflon  blatters,  where,  often  15  or  I6lb.  of  powder  are"^^"*"*^ 
ufed  at  a  time;  but  I  fliould  think  if  flopped  with  a  fliff  clay, 
it  would  greatly  encrcate  the  refiftance,  efpecially  if  fufficient 
windage  was  left  over  the  powder. 

The  experiment  1  tirft  tried,  as  defcribed  above,  on  that  The  luthor** 
phn,  tore  to  pieces^  and  threw  four  pieces  of  my  rock  to  a  Je^'*^|y  f^^ 

great  ccCsfuU 
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great  heighti  fliaking  and  leaving  fit  for  loading,  a  good  cart 
load  in  all;  while,  but  for  a  wall  at  hand,  my  Shipham  miners 
as  ufual,  defpiGng  novelties,  would  probably  have  been 
woundedy  having  been  with  difficulty  perfuaded  to  take  thai 
cover  at  four  yards  di (lance. 

Thus,  Sir,  I  hare  dated  what  I  take  to  be  improvements  ni 
this  valuable  art,  and  if  they  afford  you  or  your  readers  anj 
gratification,  I  (hall  not  regret  the  trouble  of  putting  them  oa 
paperj  being  always,  Sir, 

Your  grateful  reader, 

G.  C.    ' 


III. 

J}eJbription  of  a  new  Parallel  Rule,  exempt  from  lateral  Devi* 
ation;  invented  by  Mr,  J.  W.  Bo  swell;  xiith  an  Account 
qf  thf  Imperfeclioim  of  thofe  already  made  for  the  fame  Pur* 
pofi. 

To  Mr.  NICHOLSON, 

Dear  Sir, 

Incoavcnieiiciei  X  HE  common  parallel  rule  of  four  pieces  has  been  long 
devjitioa  of  the  "^""^  inconvenient,  on  account  of  the  lateral  deviation  of  the 
commoa  parallel  moving  piece,  which  caufes  a  neceflily  of  fhifting  the  pofilion 
'"''*  of  the  whole  rule  frequently,  when  many  parallel  lines  are  to 

be  drawn;  that,  be(id(*s  the  lofs  of  time  which  it  occafions, 
tends  alfo  to  produce  error  in  the  parallelifm  of  thofe  lines. 
It  is  not  fuperior  For  this  reafon  it  is  in  no  refpedl  fuperior  to  the  more  fimple 
J|]^*^*]J2teJ"  apparatus  for  the  fame  purpofe,  formed  by  a  triangular  plane 
of  wood  or  metal,  moved  alung  a  common  rule;  and  as  this 
latter  is  more  fleady,  and  ferves  for  other  purpofcs  in  draw- 
ing, it  is  preferred  by  feveral. 
Parallel  rales  as       Many  inftru meats  have  been  contrived  to  draw  parallel  lines 
operate«^dumt  ^*^°"^  '^*"g  fubjedt  to.the  imperfedions  here  flated;  butall, 
iide  deviatioa      that  I  know  of,  are  more  or  lefs  defieii*nt  in  corre6tnefs,  from 
are  fuljedl  to      requiring  an  exadlnefs  in  their  formation  hardly  attainable,  or 
from  extreme  tendency  to  have  this  perfection  deranged  when 
attained. 
The  parallel  rule      '^^^  parallel  rule  with  eroding  conneAors,  and  two  Hiding 
yrith  Hiding       joints^  IS  fubjeA  to  both  the  above  inconveniences.     The  leafi 

joints  difficult  10  '  , 

OMkc  eiaa,  and  P'^y 


..■/(^',yy/i^y  /j?a^. 
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play  in  the  Hides,  or  deviation  in  the  grooves  in  which  they  betofaet  Imgdm 
are  to  move,  muft  alter  the  parallelifm  of  the  h'nes  drawn  by  "^  inmrntm* 
it ;  and  however  ezaft  it  may  be  at  firfi,  the  natural  wear  at- 
tendant on  its  ufe  mud  demonftrably  produce  thefe  imperfec- 
tions ;  to  which  may  be  added,  that  the  nicety  of  workman- 
fliip  which  it  requires,  and  its  complicated  form,  muflof  courfe 
render  it  expenfive. 

The  indrument  formed  by  a  rule  (upported  by  two  (mall  That  moviaf 
wheels  fixed  to  the  fame  axis,  which  axis  is  placed  fo  as  to  JJ^J  towiTixiu 
be  parallel  to  the  edge  of  the  rule,  is  liable  to  be  imperfed>  hu  the  (uot 
from  any  difference  in  the  diameters  of  the  two  wheels,  or  ?•  y    *  f"**  " 
flight  inaccuracy  in  the  pofition  of  the  axis.  ncy  from  the 

This  rule  is  alfo  very  liable  to  flip  on  the  paper,  and  |g^^«nneft«f 
rendered  incorredt  in  its  effects  by  any  unevennefs  in  the  fur- 
face  over  which  it  i$  moved. 

The  parallel  rule,  mentioned  in  your  ninth  volume,  page  That  fbrmetl  by 
212,  requires  an  exadt  proportion  in  the  length  of  each  of  *^s  :*7^"  .'^^l^ 
parts;  and  as  thefe  are  all  of  different  meafures,  would  be  make  ex a£^,  and 
liable  to  error  in  the  firft  formation,  on  this  account :  and  how-  ^'**>'«/o  become 
ever  exaCily  made,  would,  after  a  httle  wear,  foon  deviate,  in  wear  from  ict 
on  account  of  the  play  which  this  would  produce  in  the  joints;  j^"8  projediooi 
the  connedors  alfo  between  the  two  rules,  pafling  from  differ-  ^f  fupporu 
ent  extremities,  and  leaving  long  fpaces  beyond  the  points  of 
fupporl,  would  thereby  occaiion  any  play  in  th«  joints  to  pro- 
duce a  greater  deviation  from  parallelifm  in  the  lines  drawn. 

The  apparatus  for  producing  parallel  lines  formed  by  the  The  drawmg 
drawing  board  and  normal  fquare,  can  hardly  with  propriety  ^^i  f-uji^i, 
he  claffed  among  the  intlruments  here  treated  of:  whatever  its  cumbrous,  and 
accuracy  may  be,  its  cumbrous  form,  and  the  time  required^     *  ""*** 
for  faAening  the  paper  to  it,  render  it  for  many  purpofes  very 
inconvenient. 

Thefe  confiderations  induced  me,  about  the  time  when  the 
account  of  the  parallel  rule,  given  in  your  ninth  volume  was 
publidied,  to  confider  how  a  parallel  rule  might  be  confliuded 
not  liable  to  fide  deviation,  and  as  free  as  podible  from  the  de- 
feds  of  the  others  above  flated.  The  indrument  which  then 
occurred  to  me  as  the  bed  calculated  for  this  purpofe,  I  fliall 
now  defcribe;  and  as  I  have  often  examined  it  fince,  if  it  pof- 
feffed  any  material  defeat,  it  is  probable  it  would  have  become 
manifeft  before  this ;  in  which  cafe  I  thould  not  have  brought 
it  foni'ard  to  public  notice* 
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ivfcriptim  of        My  inflrument  for  drawinr  naralle)  Imes  without  fide  devt 
M  1     1  \!     ttUon,  is  formed  of  three  rulers,  laid  pttrallol  \o  each  otfc«*, 

prrAiici  rule  Co  '  '  •  i  i        ^i- 

picvent  lateral    coniie^ed  by  two  pair  of  moveable  piece9f  aUof  equal  lengthy 

•evUtion.  i^^d  parallel  to  each  other;  thefe  pieces  where  they  meet  0»f 

the  middle  rule,  have  their  extremities  formed   into  portioM 

of  toothed  wheels,  which  lock  into  each  other,  as  maybefeuk 

in  the  figure:  the  effect  of  ihefe  fcgmenls  of  wheels  thus  td- 

ing  in  each  other,  U,  thai  all  the  lateral  motion  is  transferled 

to  the  middle  rule,  while  the  external  rules  move  eolyinifll 

oppofite  and  parallel  diredlion. 

The  contiWance     This  initrument  will  not  be  liable  to  the  incorredlnefs  of 

to  prevent  lateral  thofe  before  defcribed,  for  the  following  reafons :  ift.  Tfm 
deviJtKKi  cannot  "        .  .        , 

affcft  its  accu-   toothed  I'egments  being  in  no  way  concerned  in  producing  the 

racy.  Itjfup-  parallelifm  of  the  inftrument,  its  accuracy  of  paraltelifm  can- 
makes  it  fteady.  "^^  ^  *^  *'^  affedcd  by  any  trifling  incorredfcncfs  of  farflM- 
k  19  eafily  mde  tion  in  their  parts.  2nd.  All  the  conneding  pieces  being 
****  of  equal   length,  can   be  formed  with  more  certain  accaracy. 

3d,  The  connc6ling  pieces  putling  from  the  fame  exlreniliciof 
the  external  rules,  give  them  a  Heady  fiipport.  For  ttefo 
reafons,in  my  opinion,  it  polfelTes  all  the  lleadinef:)  and  faci- 
lity of  formation  of  the  common  parallel  role,  while  it  effec- 
tually prevents  the  ikle  deviation,  to  which  the  latter  is  liable. 
It  might  be  ^  i*^  >^"t  ahfolulely  necelfary  to  have  more  tlian  one  pair  of 

ma^e  with  but  |he  conne6linjf  pieces  made  with  toothed  legroents  ;  bat  at 
toothtd'^fc—  thufc  fegments  are  ea lily  formed  in  the  clock  makers  engino 
ments,  bat  fwo  for  cutting  teeth  in  wheels,  it  can  add  little  to  the  expence 

pjir  make  It  ^^  make  the  two  pair  in  this  manner,  as  (hewn  in  the  firure. 
look  more  uni-  »       ^  '  ^ 

form.  and  will  make  the  intrrum'*nt  look  more  uniform* 

The  mid'Jlc  rule     The  middle  rule  fliould  alfo  be  made  a  little  thinner  than 

ihriuld  be  made  ihe  others»  to  prevent  friction  on  the  paper  in  its  lateral  move- 
thinner  than  the         i      i        ■       r 
^rk-,  *«    -      ,mcnt  when  m  ule. 
others  to  prevent 

tridion.  In  the  defcrrption  of  this  inOrumenl^  it  will  be  ob(erTed» 

Novelty  of  the    ^^^^  ^j^^  noveltv  of  il  confifts  iji  the  application  of  the  toothed 

initrumenc  con-  •'  ^        '* 

fifts  in  its  tooth-  fegments  of  the  wheels  to  the  ulc  mentioned  ;  which  I  cannoC 

cd  fei^inents.  find  has  ever  been  bufore  u(ed  for  this  purpotc;  and  I  think  it 
Renfons  for  fup- ^'S^^y  probable  it  has  not,  as,  befides  its  not  bemg  known  to 
pofing  this  in-  gentlemen,  whom  I  have  confulted  on  this  head,  mofl  likely 
vennon  to  be  ^^  ^  acquainted  with  fuch  matters,  the  fimplicity  of  the  con- 
trivancc  would  probably  have  brought  it  into  extcniive  ule^ 
if  it  had  been  ever  known  at  any  former  period. 

I  mention  this  only  to  fliew  that,  before  I  claim  the  prioritj 
of  invention,  I  have  taken  fome  pains  to  invcdigate  my  pre- 

tenfions  i 
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lenfioos ;  which  I  think  is  incombept  on  every  ouin  to  do  on 
facb  occaiions:  for,  however  fieiir  the  claim  may  be  of  invei> 
lion,  if  a  thing  is  well  known  to  have  fateen  before  done,  it 
alkftft  produces  an  auk  ward  feAfalion  to  the  claimer;  for 
which  reafoD,  tbofe  who  accofe  others  of  doing  this  Ihould 
bo  tbe  ttore  caulioos,  that  their  accufation  is  fair  in  all  id 
parts;  for  oftentimes  an  external  refembiance  may  fubfift  be- 
tween two  contrivances,  as  between  ray  inftrument  and  the 
triple  parallel  ruler,  and  yet  a  fmall  addition  render  their  ef-  a  rmafl  addldoa 
feds  elTentiaUy  different;  thus  the  triple  parallel  niler  admits  J)  an  mftnwncnt 
of  fide  deviation!  while  my  parallel  ritler  effeaualiy  pre-  ^en  iu  effedt 

vents  it .  eflcntJaUy  differ- 

My  motive  for  publifhing  the  account  of  this  inflrument  is 
principally  becaufe  I  think  it  a  doty  incomhenl  on  every  roan, 
who  has  contrived  any  thing  that  may  be  of  ufe  to  the  world, 
to  make  it  known  as  exten%ely  as  poflible,  which  it  certainly 
will  be  by  appearing  in  your  Journal. 

The  inflrament  from  which  the  figure  was  drawn  was  made  This  tni 


according  to  my  diredlions,  by  Mr.  Banks,  inflrument  maker,  J»<*c*>y  **'• 
No.  441  in  the  Strand,  and  anfwers   the  purpofe  perfedly  suand! 
well;  o(  courfe  any  gentlemen  who  defire   to  ufe  parallel 
rulers  of  Uits  kind,  may  have  them  accurately  made  at  the  Tame 
place. 

I  requeft  the  &? our  of  your  permitting  the  infertion,  at  the  Typographical 
end  of  this  communication,  of  the  indication  of  fome  typo-Jf' ?'•  *°  **J[' 
grapliical  errors,  made  in  my  paper  relative  to  the  perform-  paper 'leladve  t» 
ancc  at  Tea  of  the  fliip  Economy,  in  your  laft  number;  and  ^^  fl>*»P  Econo- 
which  I  am  the  more  anxiou«  to  have  redtfieii,  as  fome  of  "*^* 
them  entirely  alter  the  fenfe  of  the  paflTages  where  they  occur. 

Page  17 J,  line  2,  erafeil  before  could;  line  6,  transfer  the 
bracket  to  before  when  in  the  next  line ;  line  8,  for  i«  read  arc; 
erafe  the  comma  after  if ;  and  trani^fer  the  bracket  to  after 
proqfi  line  9,  10,  for  dire^ion  read  dire^ora;  page  176,  line 
15,  Harjource  Ttoipurjii  line  21,  erafe  9ta<  before  reft;  page 
179,  line  22,  for  poini  Tezd  front;  line  37,  for  forms  read 
frama;  page  i80»  line  3,  iot  f carping  rend  jtarjing. 

Some  errors  of  the  prefs  are  atfo  apparent  in  the  fide  notes, 
but  I  (hall  not  trouble  you  by  pointing  theiu  out,  as  they  can 
be  re^ified  by  the  meaning  of  the  padages  to  which  they  arc 
added,    i  am.  Dear  Sir« 

Your  very  refpedful  humble  fervant, 

J.  W.  BOSWELL. 
Jtrfatnce 
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Rrference  to  thi  Figure.  Plate  V,  Fig.  2. 

A  A,  A  A.  The  external  parallel  rales,  BB  the  central  ml^' 
C  D,C  D  the  conneding  pieces,  D  D  the  fegments  of  toolMj 
wheels  in  which  the  connefling  pieces  terminate,  which  h]p 
their  action  on  each  other  prevent  fide  deviation  in  A  AjA  A« 


IV. 

Letter  from  an  Enquirer,  on  theWafie  qf  Fi/haffertedUit 
viade  on  the  Scottijh  Couft,     In  Reply  to  A.  L^ 

To  iMr.  NICHOLSON; 
SIR,  Jjmdw,  Feb.Jp  1906. 

Proper  fpint  of  1  AGREE  rood  cordially  with  your  Correfpondent  A.  L.  of 
^^'2d*"^        Aberdeen,  in  page  168,  with  regard  to  the  accuracy  of  im- 
portant information  when  communicated  fo  the  pubtJic,  Mid 
that  when   doubts   exifl,   it  iliould   be  given  with  fo  modi 
modedy  and  diftidencc,  as  to  fliew  that  the  communicatee  ti- 
not  certain  of  his  fubje^.     Of  the  flatement  I  made  refpefUng* 
Ihofe  inilances  of  wafleful  negligence  in  fome  fifberiet  of  the 
north  of  Scotland,  I  am  not  the  firfl ;  the  refpedable  aatbor 
of  the  flaliftical  account  of  the  paridi  of  Peterhead,  the  Rev. 
Stotch  fifhcries«  Dr.  Moir,  has  alferted  the  fame,  limited  to  that  parifli  Ih^t  I 
did.     Ill  the  16th  Vol.  p.  550  of  that  worki  he  fays,  "  turbot 
(I  believe  the  holy  but  of  the  London  market)  is  now  caagbt 
frequently,  and  in  great  perfe^ion.    Thirty  years  ago  they 
were  fcldom  ufcd  here,  frequently  caft  into  the  dunghill,  or 
Itft  to  iLofte  on  thefea  beach,  they  at   prefent  fell  from  four 
pence  to  one  (hilling  each,  and  are  rifing  every  day  in  price;" 
in  the  preceding  page  of  that  volume  we  are  informed,  that 
"  the  greateA  part  of  the  co(W  founds,  in  this   pari(h,  are 
perniitted  to  remain  and  rot  on  thefea  beach,  or,  are  cafi  into  the 
dunghill^  though  the  ufe  and  value  of  them  as  an  article  of 
food  and  delicacy  at  table  have  been  known  here  for  many 
years,"  and  yet  in  the  following  paragraph  the  Do£ior  telli 
his  readers,  ''  that  the  crews  of  the  (hips  have  been  fent  from 
this  town  to  Barryhead,  to  preferve  the  founds,  tongues,  and 
palates  of  the  cod  caught  t/iere,  and  the  owners  have  always 
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{bund  a  ready  market  for  (hem  V*  for  myfelf.  Sir,  before  I 
even  hinted  through  your  Journal,  at  (hefe  (trong  affirmations 
I  made  it  my  bofinefs  to  enquire  of  fome  friends  at  Aberdeen, 
of  the  truth  or  falfehood  of  fuch  alTertions ;  deeming  it  then, 
as  that  gentleman  does  at  prefent,  an  improbable  ftalement ; 
under  thefe-circumilances  I  cannot  confider  the  communica- 
tion you  did  me  the  favour  to  infert,  as  militating  either  againfl 
70UF  correfpondents  rule  of  examination»  or  my  own  habitual 
fcepticifm : — that  gentleman,  in  recommending  accuracy  of 
llatement,  ought  not  to  have  forgotten  it  himfeif;  he  will  eaCily 
fee  that  Aberdeen  is  not  mentioned  by  me  as  being  at  all 
concerned  in  this  wade  of  fuf!enance«  My  little  note  to  yoa 
has  roused  the  attention  of  A.  L. — Is  it  wandering  too  much 
into 

•*  the  fairy  regions  of  romance/* 
to  hope  that  the  fubjed  may  obtain  dill  farther  notice  ?  and 
continue  to  do  fo  until  it  be  made  produftive  of  all  the  advath' 
Ugei  ii  is  capable  f  in  that  cafe,  fuppofing  defedlive  informa- 
tion in  my  fird  notice  of  it  (and  I  prefume  A.  L.  will  allow  I  had 
feme  authority  for  my  opinion,  and  that  he  himfeif  has  not 
been  completely  accurate)  my  errors  will  be  eventually  at-  Good  tfkStt  of 
tended  with  good.  Your  correspondent  well  knows,  that  '°J},^c  w*J!tk. 
the  aflertion  of  Dr.  Johnfon  about  the  fcarcity  of  trees  in 
Scotland,  has  had  the  happied  effeds.  How  far  that  gentle- 
man's queflion  about  the  vend  at  the  towns  I  mentioned,  may 
be  anfwered  in  the  affirmative  or  otherwife,  I  have  not  yet 
fufficiently  informed  myfelf ;  but  certainly  under  the  circum- 
i)ances  I  conceive  to  be  true,  thofe  markets  would  be  pre- 
ferable to  fuch  wafle.  The  men  employed  may  look  with  con- 
fidence for  a  fpeedy  fale;  and,  if  I  am  not  very  much  mlf- 
taken,  thefe  towns  are  fupplicd  from  the  Yorkdnre  boats,  the 
Wind  therefore  which  brings  the  one  fct  of  boats,  would  im- 
pede, if  not  totally  hinder  the  other.  Far  am  I  from  wifhing 
to  throw  any  obHacles  in  the  way  of  fo  excellent  a  plan,  as 
that  for  a  fociety  for  exporting  white  fifh  from  Aberdeen,  but 
where  would  your  correfpondent  fend  them  to?  ••  is  it  not  to 
he  fkppofed,  that  fijhers  qf  the  places  neareft  to  fuch  touns  could 
greatly  underfill  themV*  this  queflion  is  not  a  greater  difficulty 
in  the  fcheme  fuggefted  by  me  of  bringing  the  fi(b  to  Leith, 
Berwick,  or  Newcaflle,  than  it  is  to  that  of  A,  L.  The  fa6l 
Us  that  by  giving  that  queflion  weight,  competition,  in  every 
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tHifinefs  would  be  undone ;  for  mj  own  part,  I  do  ncA  Ihink 
any  obje^ion  to  either  of  our  fchemes ;  n^y,  our  plain  opnfiiipffi 
ed  feriouOy ,  arc  nearly  alike.  I  fuggefied^  rather  I  b^ieva  >■  Hn 
tbrn  of  a  query  than  otherwife»  the  propriety  of  bruigiii(  flb 
where  I  know  a  demand  exifis ;  but  thai  gentlesiaii  oppvfti 
my  fuggeftiou  with  Ihe  above  queft«on»  and  Chfo  prvptte  • 
plan  on  a  fimilar»  but  mere  comprebeofiye  fcale!  AUofTt 
merely  lo  corred  at  preieni  oae  more  error  A.  L.  baif 
ieniwnaUjf,  J  am  cerlaia,  committed  in  the  laft -pai«gniilh  if 
bis  vindication  of  the  Arbroath  filhers  (of  wrbofemethilfe  wl 
profjablc  wade,  I  hope  foon  to  obtain  a  €om&  appombi 
tt  is  not  the  cafe  even  for  the  mod  part  in  ewery  large 
town,  that  Ihe  fitberipen  ''  retain  the  bodies  of  the 
and  fell  (he  large  claws  only.     A  lid  of  fome  of  the  towui  ift 
which  that  cuftom  prevailfi  would,  doubtlefs  oblige  manj  of 
your  readers.    If  I  am  correQ  in  my  opioioo  of  A«  L*  tU  Ml 
attempts  are  for  the  fpread  of  ufeful  knowledge;  hit 
will  fugged  the  propriety  of  viewing  mine  alio  to  I 
able  light. 

I  am.  Sir, 

Your*s  and  A.  L^ 

Friend  and  Senraal^ 
AN  ENQUIRER. 


Notice  of  a  Publication  of  Importmn^e  intended  by  the  Lit 

and  Antiquarian  Society  vf  Perth. 
6fR, 

IT  is  with  great  pleafure  I  inform  you  that  the  very  re^ 
fpedable  Literary  and  Antiquarian  Society  of  Perth,  intend 
giving  a  feledion  of  their  valuable  papers  to  the  public;  it  is 
much  to  be  lamented  that  they  have  delayed  doing  this  fo 
long,  as  many  of  their  roanufcripls  throw  a  very  extenfive 
light  on  the  antiquities  of  that  part  of  the  ifland. 

I  am.  Sir, 

Your's  truly. 

To  Mr.  Nicholfon* 

Newcqfile'Upon'Tyne,Jan.2S,  IHOS. 

Letter 
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lelier  coneerning  a  Library  f^ablijkcd  at  Aberdeen.     Fr*vK  a 

Taaveller. 

SIR,  York  HoUl,  Bridge  Siroct,  Blackfriars. 

f  AM  extremely  glad  to  find^  that  there  is  a  fubfcriptioii 
iitmry  eAaWtllied  in  Aberdeen*    I  am_a(loniftied»  howerer, 
to  be  informed  from  Mr.  Crombie's  paper,  that  none  of  the 
very  learned  Profeifors  in  that  part  of  tbe  country  are  engaged 
in  the  andertaking !  perhaps  if  the  fub(cription  was  raifed  to 
one  guinea  per  annum,  much  more  good  might  be  effe^d> 
and  thofe  gentlemen  would  not  then  fcruple  to  join  them* 
feWet;  thair  freediMn  as  to  pecuniary  motives  is  well  known. 
I  hope  for  the  (ake  of  the  geaerai  difiiifion  of  knowledge,  to 
find  myMf equally  oiOaken  with  regard  to  Banff,  Peterhead^ 
•od  InverotA.  TheiQc«ety  at  Aberdeen,  though  young,  feerosto 
iNB  ODodo  A0d  wilii  great  liberality,  as  appears  evident  from  their 
oficr  of  aCAaooa  to  the  places  above  mentioned,  or  any  other      .  . 
that  m%j  be  now  foraiiiig  rules ;  is  it  too  much  for  a  friend 
to  the  l|>read  of  ufeful  knowledge  to  fugged  to  them  an  ex- 
teniion  of  the  benefits  of  their  an()ciation,  to  ihofe  gentlemen 
who  are  members  of  fimilar  fpcieties,  whilft  in  Aberdeen,  on 
CQodiiion  of  a  return  of  foch  civilities,  ftiould  any  of  their 
'memhers  be  where  fuch  lit)raries  are  ?  a  rule  of  this  kind  yoa, 
Sir,  have  mentioned  wiih  applaufe  in  a  former  number, 

Your's,  &c. 

A  TRAVELLER. 

February  T,  1S06. 


V. 

A  Cfumical  and  Medical  Examination  qf  the  Gizzards  qf  White 
fawb  compared  with  Gelatine,  together  with  an  Expofition  qf 
the  Charatlcriftics  of  tlte  latter  when  oxigenaied.     My,  M, 

BoVItLON  LAGXANGfi*, 

AT  has  long  been  underflood,  that  the  gizEards  of  white  cizxards  of 
poultry  pofleffes  certain  medicinal  iqpalities.    The  ufe  made  o^foyth  medicany 
it  bf  many  phyficians  may  jufiify  foone  reliance  upon  the 

*  Annate i  de  Ckimie^  Vol.  LV. 

Tirtues 
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vtrtaei  mttribated  to  it ;  but  no  one,  I  believe,  has  bitherlD 
thought  of  analyfing  (bis  fubflance. 

It  occurred  to  me«  that  it  would  be  ufeful  to  the  art  of 
healing,  were  a  few  chemical  fadts  added  to  the  knowledge 
already  poflfeflfed  of  the  medical  ufes  of  gizzard»  particularly 
after  reading  in  the  *' Journal  d'EconomieEurak  and  Dom^tique, 
ou  Bibliothhque  dcM  Propriitaires  rwaux,  Fluvoifi,  an  12;'' 
a  letter,  wherein  is  announced  tiie  fucceft  obtained  by  its 
ufe  in  agues.  As  this  letter  contains  the  details  of  the  pre* 
paration,  and  adminiftralion  of  this  remedy,  I  (hall  tranfcribe 
it  at  length. 

**  Amienit  25  Frimairc* 

Letter  refpeft-  "  YOU  mention  animal  gelatine  as  a  febrifage,  I  will 

b«  It*  inform  you  of  a  more  fimple  and  lefs  expenfive  remedy.    I 

t$\  febrifvn    know  not  by  what  fatah'ty  this  great  fpecific  has  been  negled- 

I7  the  Fraifch    ed,  notwithftanding  it  was  publtfhed  by  government  full  forty 

gofernment.      y^gj^  ggo,  and  in  fpite  of  its  efficacy,  of  which  I  have  had 

long  experience ;  for,  of  about  a  thoufand  cafes,  in  which 

during  (hat  period,  I  have  adopted  its  ufe.  I  can  atlefi  the 

cure  of  eight-tenths. 

"  I  have  redded  at  Montpellier  during  fifty-fix  years;  the 
climate  of  the  place  and  its  environs  is  mild  and  falubrious  ; 
but  the  inhabitants  along  the  coafl  are  fuhjed  to  agnes,  on 
account  of  the  vicinity  of  (he  Mediterranean,  and  of  flagnant 
pools,  M.  de  St.  Pricfl,  intendant  of  this  province,  pub* 
lifhed  the  order  of  government  relative  to  the  remedy  above 
alluded  to. 
FrefcriptloB.  ««  Remedy, — This  remedy  confids  of  the  gizzard  of  fowls, 

dried  and  pulverized. 
Thegisxardiare      **  Preparatitm.'^T^Lke  (he  gizzard  of  white  poultry,  as 

wiihed,  dried,     fQ^.|     turkies,  &c.  (I  never  made  ufe  of  thofe  of  black  fowls, 

ma  pulverised.  w  ,  ^  w 

as  pigeons,  ducks,  &c.)  open  them,   and  clear  away  the 

gravel  they  contain ;  having  flighdy  waQied  them,  let  them 
be  put  on  a  firing  and  hanged  in  the  fun,  or  up  a  chimney  to 
dry,  after  which  they  mud  be  reduced  to  powder,  fifted,  and 
kept  in  a  bottle  clofcly  corked. 

''  Z>(^.— The  dofe  is  about  a  drachm  for  adults,  and  firoa 
half  a  dram  to  a  fcruple  for  children. 
The  dofe  it  one       "  Mode  of  taking, — Mix  the  proper  quantity  of  the  powder 
}n  wine.    ^     '^^  ^  S}^^^  ^'  half-glafs  of  good  old  white  wine,  and  let  the 

patient 
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ptAimi  tfnIUm  it  «bMie  half  an  hoar  before  the  fit  conet  on. 
Of  OB  the  sppMraoco  of  the  precurfory.  fymptoms  of  ihe 
fev^r.  This  being  tbiioe  repeated,  it  nu-elj  happens  that  the 
dihtd^r  retarns. 

"  jRr^i0ien.-r-A  whddefoeie  r^mlsn  is  all  that  is  neceflary 
doring  the  adminififfatioo  of  thii  medicine,  bat  the  patient 
flkonld  carefoily  avoid  expofiire  to  moiflore  or  cold|  particolar-^ 
ly  in  the  fteU*' 

The  foregoing  detaik  lead  us  naturally  to  the  following 
obfervation : 

Should  this  fubftance  be  confidered  as  gelatine,  and  pof.  Qaeftloni  whe« 
feiBng  (he  fame  property  of  being  a  febrifuge,  as  ftated  by  ^  *^  ^  9^^ 
M.  Seguin ;  or  (hoold  we  rather  acknowledge  it  to  be  pof- 
felTed  of  thofe  particular  virtues  which  have  been  attributed  to 
it  by  feveral  emient  phyficiaus  ?  M.  Pia,  an  old  apothecary 
of  Paris,  aflfared  ae,  that  full  thirty  or  forty  years  ago,  the 
powdered  giazard  of  poultry  was  recommended  in  all  obftmc- 
tions  of  the  urinary  paflage,  in  complaints  of  the  bladder 
occafioned  by  (limy  matter,  as  well  as  in  all  nephritic  pains, 

''  The  efficacy  of  this  remedy  has  long  ago  efiablilhed  its  Its  t&ucj, 
life  ;'*  and  the  writer  adds,    "  that  during  my  pradice  in 
pharmacy,  I  have  prepared  large  quantities  of  it ;  fo  much 
were  phyfidans  and  their  patients  fatisfied  with  its  opera- 
tion/' 

His  method  of  ))reparing  the  gizzards  was  to  choofe  thofe  they  ihouU  not 
of  young  fowls,  and  particularly  of  pullets:  after  cleanfmg,  J*^'**^  "* *• 
rubbing,   walhing,   and  wiping  them  carefully,   he   ftrung 
them,  and  left  them  to  dry  on  hurdles  between  iheets  of 
paper,  affifted  by  the  gentle  heat  of  a  (love,  and  not  in  the 
fun,  which,  according  to  M.  Pia,  would  have  fpotled  them. 

When   the  gizzards  were  properly   (^ried,    they  became  Vitreous  appetr* 
friable,  almod  tranfparent,  and  exhibited  on  being  broken  a  ^'^^^ 
vitreous  appearance. 

The  powder  obtained  was  of  a  whitllh  grey  afh-coiour.  Powder  aflu 
yieldbg  in  the  mouth  a  kind  of  mucilage,  and  poOcffing  a  ugf„"o«',„7'^' 
dighUy  fait  and  bitter  tade.  faic.ih. 

This  pewder  was  adminiftered  twice  a  day,  (morning  and  Oofe. 
evening)  in  dofes  of  twenty-four  to  thirty-fix  grains,  in  a  glafs 
of  Ihe  infttfion  of  pellitory  of  the  wail ;  of  bearberrtes  (uva  urfi) 
fit  of  lintfeed  fweetened  with  fyrup. 

Vol.  XIIL—MAacH,  1806.  Q  The 
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tfftCtM.  The  efficacy  of  this  remedy  as  a  diuretic  axxl  apeuenti  w$f 

fo  much  relied  on,  (hat  the  affllQed  e? en  omitted  the  infufion 
and  took  it  in  pure  water  with  a  little  fugar. 
Arguments  in         The  long  experience  which  has  been  had  of  the  (alutary 
its  £iTOQr«         effeds  of    gizzard  as  a  febrifuge,  diuretic,  aperient,  &c. 
and  the  publicity  which  the  government,  doubtlefs  not  upon 
light  grounds,  has  given  to  this  remedy,  arc  authorities  in  its 
favour ;    and  it  mufl  therefore  be  an   acceptable  labour  to 
the  phyfician,    to   furnifli   him  with   new    lights    upon    an 
objed  fo  efTentially   inlercHing   to  humanity.      This   is   tbe 
motive  by  which  I  have  been  induced  to  fubmit  the  fioUowiRg 
experiments  to  the  foclety  of  medicine. 
Inquiries  as  to        As  gizzard  has  a  grea^  analogy  to  gelatine,  I  endeavoured 
JSd^^^"*"  to  difcover  their  fimilitade.    If  gelatine  be  really  a  febrifuge, 
gizzard  (hould    be  fo    like  wife,    particularly  as  it  contains, 
when  freQ),  a  large  portion  of  that  fubfiance;  but  whence 
does  it  derive  its  power  as  a  diuretic,  aperient,  &c«?  does  it 
poflefs  it  in  common  with  gelatine  r  1  cannot  tell.     Or,  have 
the  faline  parts  of  its  compolltion  this  double  property  ?  of 
this  alfo  I  am  ignorant ;  for  pradice  has  not  yet  afcertaincd 
whether   the  anti-febrile  quality   iliould  be  a(cribed  to  tl^ 
acidulous  falls  rather  than  to  the  fubftances  with  which  ihey 
are  combined. 
Experiments  on       A  frefli  gizzard  profcnl(*d  the  followiT)g  phenomena, 
rwent  giszard.       ^    yj,^  ^^^^^  whcrcrin  this  fubltanco  had  been  b<iiled  ac 
quired  a  yclioivilh  white  culour>  and  flakes  were  dopolited  in 
cooling  ;  it  had  a  tuHc  father  iiiii;>iil  than  fweet. 
it  reddened  the  tinciiirc  of  iiunl  )1. 

B.  Lime  water,  and  water  of  bar\tes  produced  in  lliis 
liquor  an  abundant  [)recipiiutr,  paitialiy  luluble  by  nitric  and 
muriatic  acids. 

C.  Ammonia  caufed  a  Icfs  degree  of  precipitation. 

D.  Oxigenaled  muriatic  acitl  >.  r.aiaiej  with  flakes  from  the 
liquor. 

E.  Cauflic  potad),  either  I'ulid  or  lir|uid,  acted  upon  gizzard 
in  the  fame  manner  a<  upon  n.ulVular  tletli. 

When  ground  lo^^ether.  ammonia  uai  difengaged  from 
the  gizzard  ;  it  bocaiuc-  loft,  of  a  reddifh  colour,  and  foluble 
in  water.  If  ihiN  liquor  be  evaporated,  it  will  dcpnfit  fibres 
in  cooling.  AIculiol,  by  deflroying  ll.e  poialh,  feparated  a 
flaky  fubflanc?,  foiuble  in  water. 

Tnis 
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*  Thil  iqueoi!^  fohition  ga^e  a  precipitate  on  Ibe  addilioQ  of 
lime-water,  or  inuriate  of  lime  or  of  barytes,  as  well  as  of 
fome  acids.  The  precipitate  obtained  by  lime-waier  may  be 
MilTolved  by  the  addition  of  more  water,  which  proves  that 
the  mixture  had  not  become  truly  fdponaceoas,  but  that  the 
potafb  had  merely  diOTolved  the  animal  mailer. 

F.  The  aftion  of  certain  metallic  folations  on  the  liquor  of 
firefli  gizzard  was  more  or  lefs  perceptible,  according  to  the 
facility  with  which  the  metal  communicated  its  oxigen  to  the 
animal  riialter^ 

Nitrates  of  mercury  and  of  (ilveri  for  example,  ivere  de- 
compoff^,  but  the  precipitates  obtained  by  the  action  of 
thefe  falts  upon  gelatine  and  the  extra6l,  quickly  turned  black* 
particularly  that  of  mercury,  and  they  were  no  longer  foluble 
in  nitric  acidv  The  oxides  had,  therefore  communicated  a 
part  of  their  oxigen  to  the  gelatine  and  the  extradive 
matter,  whicli  were  thus  united  to  the  mercury,  now  ap- 
proaching a  metalline  ftate. 

Oxige^nated  (nuriate  of  mercury  was  not  decompofed  in  this 
manner.  The  circurofiances,  in  fa6t,  were  no  longer  alike :  the 
etcefs  of  okigen  which  it  contains  fufficing  to  oxigenate  the 
tw9  fnbfiances*  Here  the  precipitate  was  ? ery  little  coloured^ 
and  the  metallic  fait  was  only  reflored  to  the  ftate  of  mild 
mercurial  muriate. 

Some  other  metallic  folutions  produced  in  the  liquor  of 
freOi  gizzard  only  gelatinous  flakes;  fuch  are  the  acetate  of 
lead,  and  the  fulphate  of  copper  and  iron. 

G.  Aqtieotts  tindure  of  nutgall  changed  the  liquor  into  a 
kind  of  jelly. 

I  have  thought  thefe  experiments  fufHcient  fur  denaonftrating  Experiments  on 
the  natture  of  thofe  fubftances  which  were  capable  of  folution  ^^  gli««r4. 
in  water ;  yet  as  gizzard  is  not  adminiftered  in  its  ircQi  ftatCf 
Ibot  undergoes  a  procefs  which  might  caufe  a  variation  in  the 
foregoing  refuUs,  I  again  examined  it  in  this  latter  point  of 
tiew. 

In  drying  the  gizzard,  I  followed  the  prefcription  already 
cited  of  M.  Pia,  and  obtained  a  fubftance  exactly  anfwering 
bb  defcription*  ' 

A.  Reduced  to  powder,  its  taile  was  infipid,  yet  partaking 
ilrongiy  of  an  animal  flavour ;  its  colour  was  a  whitilh  grey. 

Q  2  B.  Tbfi 
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vperioKnts  on      B.  lite  aqueous  decoAion  took  a  light  ydlo^  tint,  aad 
ied  gissard.     j^^^^  ^.y^^  KAilcken  broth. 

I(  reddened  the  tindure  of  Inrnfol. 

C.  Lime-water  aad  water  of  barytet  omM  the  fame  kind 
of  pnecipttate  as  in  the  deco^on  of  frefti  giazard. 

D.  Oxalate  of  ammonia  proved  the  prefence  of  lime* 
£.  Oxigenated  muriatic  acid  feparated  white  flaket, 

F.  Nitric  acid  had  a  violent  eflfed  apoo  the  dry  giasard; 
at  a  mild  temperature  it  diflblved  k  completely. 

Nitric  acid  at  eighteen  degrees  excited  a  flight  efier* 
▼efcence,  and  by  gradually  increafing  its  teaiperature>  a  fepa* 
rlition  was  perceived  of  azotic  ga9,  then  of  nitroui  gas,  and  of 
carbonic  acid  gas. 

The  liquor  lefl  in  the  retort  was  evaporated*  in  the  ex* 
peQation  of  obtaining  cryftaU;  bat  on  coolingt  none  ap* 
peared.  The  evaporation  was  then  eotttianed,  the  refult  of 
which  was  a  yellowilh  glutinous  matter,  tenaeioas,  and  of  an 
exceflively  bitter  and  acrid  tafle. 

Water  imbibed  the  acid,  and  pefented  all  the  diarafters 
of  the  decodion  of  apples. 

G.  Metallic  foIuUons  presented  nothing  particular,  at  ki  the 
experiments  upon  frc(h  gizzard,  Except  that  antioonial  tartrlte 
of  potafh  was  decompofed,  forming  in  the  decoAion  a  whitt 
precipitate. 

H.  Aqueous  infuiion  of  nut-gall  produced  a  left  copioat 
precipitate  in  this  experiment,  than  it  had  with  that  apon 
frefh  gizzard. 

!•  Dry  and  friable  gizzard  was  dtgefted  in  alcohol;  but  the 
liquor  was  fcarcely  coloured,  even  with  the  iAftaOoe  olP 
caloric. 

This  alcoholic  trndlure  reddened  that  of  tumfoi,  and  gave 
precipitates  with  lime-water  and  water  of  barylet,  ai  aUb 
with  nitrate  of  Itlver ;  a  proof  that  the  alcohol  has  diflUtl^ 
only  the  faline  particles. 

L.  The  incinenition  of  gizzard  left  a  refidue  of  a  faline  and 
alcaline  tafle.  Paper  tinged  by  curcama  became  of  a  deep 
brown. 

This  refidue  was  partly  foluble  in  water.  The  liquor  CQtt* 
taincd  fulphate,  muriate,  and  carbonate  of  potafii. 

The  part  not  foluble,  on  being  fubmitted  to  the  adion  of 
muriatic  acid,  diicovered  carbonate  of  lime,  phofphate  of 
lime,  and  a  fmall  portion  of  icon. 

2  Hence 
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Hence  it  refults,  that  the  greater  part  of  the  falts  contained 
in  gizzard,  is  the  acid  phofphate  of  lime ;  the  prefence  of 
Qiariate  and  fulphate  of  potafii  is  alfo  obfervable, 

Thefe  falts  are  not  onl^  united  witli  gelatine,  but  alfo  with 
a  fmall  quantity  of  eztradive  matter*  It  fhould  feem  that  the 
latter  fubftance,  and  perhaps  the  gelatine,  is  oxigenated  bj 
the  deficcation  of  the  gizzard ;  for  in  this  fiate  they  are  lefs 
foluble  in  water. 

Wi(hing  to  afcertain  the  difference  between  pare  geh- 
tine^  and  that  which  had  been  oxigenated,  I  made  ex- 
periments upon  the  former,  of  which  the  following  is  the 
xefult. 

Pure  gelatine  acquires  different  properties,  according  to  the  Eiperlmenti  oq 
means  employed  in  its  oxigenation*  iotoii. 

Of  the  metallic  oxides,  feme  freely  communicate  their  with  mtutta 
oxigen  to  gelatine,  as  the  oxide  of  red-lead,  and  the  red  oxide  ®*'*^^** 
of  mercury ;  but  the  gelatine  was  combined  with  a  part  of 
the  oxide,  and  could  not  again  be  feparated  completely  from 
it.  In  treating  gelatine  with  the  red  oxide  of  mercury,  a 
part  of  the  oxide  was  reffored  to  its  metallic  flate,  and  the 
remainder  affiimed  a  reddifh  brown  colour. 

Superoxigenated  muriate  of  potafh  heated  with  gelatine.  And  odier 

caufed  no  alteration  in  its  nature.  wSon**'^  *"^^^ 

Oxigen  gas  combined  with  it  but  flowly,  and  in  fmall 
quantity.  After  being  for  a  confiderable  time  fubroitted  to 
the  adion  of  this  gas,  the  gelatine  only  fuflfered  a  change  of 
colour ;  it  became  whitifli,  but  its  charafleriilics  are  dill  the 
Cune» 

Oxigenated  muriatic  acid  prefented  the  following  pheno* 

nena. 

On  pouring,  oxigenated  muriatic  acid  gas  into  diflblved  ge- 
latine^ a  whitilh  thick  fcum  appeared  on  the  fur  face,  of  k 
moderate  thicknefs,  the  under  fide  of  which  gradually  changed 
colour,  and  became  milky.  The  white  filaments  which  fwam 
in  the  liquor,  together  with  the  fcum  which  floated  on  the 
forfacey  were  feparated  by  filtering,  and  waflied  in  cold  and 
warm  water  till  the  water  ceafed  to  redden  tindure  of  turnfoJ. 
The  fabftance  thus  prepared  prefented  the  following  cha-> 
raderiflicft: 

|.  It  was  capable  of  extenfion  equally  with  gluten,  and  was  Properties  of 

of  a  white  colour.  oxigcnatcH 

2.  It*^*^*^ 
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'2.  It  was  very  light,  and  fwam  upon  wat^r* 

3.  When  well  walhed,  it  retained  liltlc  or  no  flavoor, 

^m  Left  expofed  to  tiie  air,  it  dried,  and  fell  to  dufl. 

5.  Jt  did  not  redden  the  tincture  of  tumfol. 

6.  It  was  fcarcely  at  all  foluble  in  warm  water*  On  boiltbg 
it  a  length  of  time,  in  a  fufficient  quantity  of  water,  it  was 
reduced  to  an  infinifc  number  of  particles,  fo  minute  as  to  be 
hardly  perceptible ;  but  as  the  heat  was  lowered,  they  rem 
united  in  a  mafs  as  before  the  boiling. 

7.  Heated  nituc  and  acetic  acids  diflblved  (his  fubitaooe; 
but.it  was  precipitated  in  its  original  form,  by  refrigeration. 

8.  Trituration  with  cauilic  potafli  produced  a  feparation  of 
ammoniac. 

Itdiflcrtfroa        This  matter,  it  will  be  perceived,  is  neither  gelatine  iwr 

albumen,  fince  its  properties  are  wholly  diflfercnt. 

The  gelatin  of       It  appears  probable,  that  the  gelatine  in  gizzard  acquires 

Sixsardispro-    jjy  drying,  properties  analogous  to  thofe  above  dcfcribed; 

sated.  which,  with  the  changes  obferved  in  the  extra£tive  matter 

already  mentioned,  wonid  certainly  render  dried  gizzard  led 

foluble  in  water. 

We  have  no  means  of  afcertaining,  for  want  of  a  proper 
obje£l  of  comparifon,  whether  this  difference  be  eflential  to 
the  efficacy  of  gizzard  ;  and  I  know  not  if  frefh  gizzard  bai 
ever  been  adopted  in  medical  practice.  I  could  only  wifli  to 
afcertain  if  its  febrifuge  quality  exiil  in  the  oxigenated  geia* 
tine,  in  the  extractive  matter,  or  in  the  acid  fait.  Indeed,  on 
comparing  the  quantity  of  gelatine  adminificred  to  patients^ 
according  to  M.  Si'guin,  with  the  dofe  of  powdered  gizzard^ 
above-defcribed,  a  great  difference  will  be  obferved  ;  and  yet 
according  to  ihofe  who  have  made  ufe  of  it,  a  fmali  dofe  of 
powdered  gizzard  is  fuflficient  to  check  the  fever. 

The  comparifon  which  I  have  made  of  gelatine  with  giz- 
zard is  fufficicnt  to  edablini  a  material  diilindlion  between 
them, 
Eipeiiments  on       V\xiG  gelatine  poflelfes  a  weak  iniipid  flavour;    does  not 
gelatioci  redden  tinclure  of  turnfol ;  is  mucous  and  gluey  between  the 

fingtTs;  alFumes  in  the  fire  a  concrete,  folid,  and  tranfpareiQt 
appearance ;  and  is  foluble  in  boiling  water. 

Solution  of  barytes  or  of  lime  mixed  with  that  of  gelatine; 
caufcs  a  precipitaiion  of  phofphate  of  lime. 

Sufph^tei 
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Sulphales  of  copper  or  lin,  and  acelate  of  lead,  experience  Exptrwaents  en 
no  decompofition. 

Nilrates  of  mercury  and  filver  are  decompofed,  but  the 
precipitates  are  much  lefs  copious  than  thofe  produced  with 
the  decodion  of  gizzards 

Solution  of  tartrite  of  antimony  only  thickened  the  liquor. 

Alcohol  likewife  has  but  little  power  over  gelatine.  The 
precipitates  obtained  by  means  of  the  water  of  lime  or  of 
barytes,  as  well  as  that  by  nitrate  of  filver,  are  fcarcely  per- 
ceptible. 

The  decodion  of  frefli  gizzard  when  fuitably  evaporated, 
leaves  a  coloured  gelatinous  matter,  foluble  in  wateri  whid^ 
reddens  tindlure  of  turnfol ;  gives  copious  precipitates  with 
lime-water  and  water  of  barytes ;  decompofes  fulphatcs  of 
iron  and  copper,  acetate  of  lead,  muriate  of  tin^  tartrite  of 
antimonial  potafb,  and  nitrates  of  mercury  and  filver;  the 
precipitates  refulting  from  thefe  decompofitions  are  generally 
too  confiderable  to  be  attributed  folely  to  the  gelatine. 

Dried  and  powdered  gizzard  pofllefles  charaderifiics  AiU 
more  diflind  from  thofe  of  pure  gelatine,  whence  I  conclude 
tliat  the  latter  fubdance  has  a  diflfereot  operation, 

I  leave  praditioners  to  decide  on  the  advantages  which  the 
medical  art  may  derive  from  gizzard ;  it  is  for  them  to  decide 
whether  much  confidence  is  to  be  placed  in  the  notice  in* 
ferted  in  the  Journal  d'Econoroique.  And  if  it  (hall  appear 
that  the  medieal  ufe  of  this  material  has  been  attended  with 
fuccefii ;  it  will  perhaps  be  proper  to  attend  particularly  to 
other  fubftances  which  have  not  hitherto  been  fuppofed  to 
polTefs  any  febrifuge  virtue;  fuch  as  the  iaits  with  excefs  of 
acid,  the  oxigenated  extradive  and  even  oxigenated  gela« 
tine, 


\    I   A       .J 


V» 


I    TBK    riKITK   < 


VI. 

On  Piritt  found  in  France  by  M.  Coeq,  Commr/ary  a 
pomJer  and  SaUpclre  Workt  at  Clermont- FaraM,  \ 
Anaijtfin^  thii Sttbfiance.     By  J.  J.  DbaffieR, 
ChanifiTy  at  the  Folyteclmie  School* 


COCQ  found  ihe  cr^Ilals  of  pirite,  in  a  poroni  grey 


M. 

a  bafe  of  Teldrpath,  and  containing  cryftab  of 
i]iiarlz,  rorming  a  part  of  that  chain  of  primtlive  inotinluiu 
which  fupport  ihe  volcanoes  of  ihe  diHria  of  Puy-de-Dotne. 
Thefe  cr)nals  of  piriie  feparale  from  Ihe  cock,  and  leave  in 
the  porphyry  an  imprellion  petfeflly  fmooih. 

He  alTo  found  at  Ihe  village  of  St.  Avil,  and  in  ihe  vicinity 
of  Pont-Gibaud,  a  fubftance  which  appeared  to  be  piritC;  in 
boih  Hlua'ions  it  waifo  indelermicateaii  to  render  it  ticp«tlibl« 
to  pronounce  exaflly  on  its  nature.  But  !n  relurning  to 
Menat,  it  twelve  leagues  to  the  north  ol  Cletoiont,  he  per- 
ceived the  granites  refuming  the  fame  appe&rance  of  thofe 
which  he  had  ohferved  near  Saint  Avit  and  Pont-Gibaud, 
fometimes  the  colour  of  the  feldTpaih  inclined  to  purple,  and 
oftentimes  thii  fubftance  appearing  aione  in  the  mafi  of  the 
granite,  CKhibited  a  beaulifal  purple. 

The  grey  porous  granite  appeared  again  at  interval*,  with 
the  appearance  ol  the  cryflals  obferved  in  tlie  fame  rock  near 
St.  Avit  and  Pont-Gibaud  J  at  lal),  after  a  great  many  fearchet, 
be  found  Ihe  pirite  well  defined,  and  alruming  a  character 
much  more  delerminale  than  that  of  Schecnbcrg. 

lit  Phyfical  Chara&eri/ici. 
Its  colour  tia  greenilh  otblackilli  brown.     Iti  form  {■q 
]ofnKlTegul3r  hcuhedral  piifm,  of  whicii  all  ihe  lateral  edgci  aretr 
hSi^I         "'*''•  "''''^'^  coiifiiiules  it  a  prifm  of  twelve  faces.     Soaie- 
gRemlb  brevn.  limes  the  prifm  Ims  alfo  a  fmal]  face  al  eacli  of  liie  angles  of 
jmtfi»faiooth     its  bate,  which  has  not  hllherlo  been  remarked  in  the  piiita 
of  SaKony. 

The  furface  of  ihc  cryflaU  is  fmooih,  and  a  little  brilliant  t 
in  its  interior,  the  pirite  is  dull,  containing  at  times  fome  p 
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tiL'ies  ut  mica. 


•  JouiJial  des  Min«,  Vol.  XVII.  p.  307. 
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lis  (nAore  it  unequal,  with  a  line  grain,  approacbing  to  a  iti  fnChmU 
fplinlery  fraaure,  2««^"«'?  ^^« 

If  admits  of  being  fcraped  by  a  knife,  and  yields  a  dud  of  Yields  to  tbe 
a  bright  grey  colour ;  i&  is  tender,  and  does  not  adhere  to  tlie  ^^^^  ^****  ""^ 
tongue,  though  it  is  a  little  unfluous  to  (he  touch.  tongue,  and  it 

Befides  the  fize  of  its  cryftaLs,  their  faces,  the  fubRances  a  little  unaoooa 
to  which  they  are  found  attached,  added  to  the  charaAers  de-  ^      ^^ 
fcribed,  eflabliih  the  idenlitj  of  this  mineral  with  tbe  pirito 
of  Saxony. 

The  cryftals  found  in  Auvergne  are  more  perfect  than  thofe  The«itenial 
of  Scheenberg;  they  exhibit  no  alteration,  and  the  purity  of  Sl^^^Suw 
their  form  removes  all  doubt  of  there  being  any  necei&ty  to  letvt  no  ao«bc 
clafs  this  fubfiance  as  a  new  fpecies.  ^-^^  '^^^l 

<^  with  the  piiifteojf 

Saxony* 
AmlyJU  by  M,  Drappier, 

The  pirite  of  France,  feparated  carefully  from  its  bed,  and  Analyst  of  tht 
reduced  to  a  fine  powder,  is  attacked  and  difcoloured  by  ma-  ^"«*^  F'dfc. 
riatic  acid*    This  acid  diflfolves  the  oxide  of  iron,  the  colour- 
ing principle,  and  a  portion  of  the  alumine :  but  as  it  leaves  a 
confiderable  refidue,  on  which  it  appears  to  have  no  action, 
M.  Drappter  thought  the  method  of  analyfis  Ihould  be  changed : 
he  then  took  100  parts  of  this  fubftance,  and  kept  it  at  a  red  One  hnodred 
heat  in  a  crucible  of  platina  for  half  an  hour;  after  it  wasP^*f  krf«7^ 
cooled,  there  was  a  lofs  of  feven  parts.     The  remaining  93  The  remainder 
parts  were  heated  in  the  crucible  for  three  quarters  of  an  hour,  fufcd  with  pot- 
wilh  three  times  their  weight  of  cauftic  potafli,  purified  by  ^u^atic  ^y ** 
alcoitol.     The  fufed  mafs,  detached  from  the  crucible  by  dif- 
lilled  water,  diflfolved  entirely  in  muriatic  acid.     The  folution  The  folutioa 
evaporated  almofl  to  drynefi,  and  then  diluted  with  a  frefh  evaporated  and 
quantity  of  water,  let  fall  a  white  precipitate,  having  all  (he  ,,||t„  jcpof;^, 
chanu9en  of  (ilex.      This  precipitate  wadied  carefully  and  4^  parts  preci- 
well  dried,  formed  0,46  of  the  fubdancc  fubmitted  to  expe*  ^'^^' 
riment. 

The  remainder  of  the  muriatic  folution  was  decompofed  by  Tbe  refidue 
cauftic  potafti*     It  immediately  formed  a  prccipitale,  which  ^'"J!**  ^*^^ 
foon  diflblved  again  in  the  exccfs  of  alkaliy  with  the  excep-  leaves  %\  parts 
tion  of  2j  parts  of  oxide  of  iron.  •"*"  oxide. 

The  alkaHne  folution  faturated   by  an  acid,  depofited  42  The  alkaline  lk« 
parts  of  an  earth,  which  had  ali  the  properties  of  alumine.  All  J"***"*^^ 
thefe  precipitates,  before  they  were  weighed,  were  wafbed  pofits  4s  parts 
carefull^t  and  heated  to  rgdnefs  in  a  crucible  of  platina.  alumine* 

Analjffii 


eu 
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Atmtyfis  of  the  Piriics  pf  France  compared  with  that  iff  8ttX9^  "^ 

Pi  rite  of  Saxony 
Firite  of  France,     anal)  fed  by  Khpnlli* 

Si!ex      ...     -  46,00     -     -     -     2i),50                %•}} 

A I  limine     -     .     -  42.00     -     -     -     63,75                .i 

Oxide  of  iron       -  2,50    ^    -     -       6,75 

Lofs  b)  calcination  7,00 

Lois       -     -     -     -  2,30 


f^vmthatof' 

SsXODXa 


1 00,00  1 00,00 

Ttrmartcft  on  the  M.  Dr«nppicr  thinks,  on  comparing  his  anal vfis  with  thai 
«»i»iencc  of  the  u,j(J|t;  ^v  M.  Klaprolli,  tl}at  it  maybe  concluded,  fuppofing 
there  wd^  no  error  in  either  anal}lis,  that  either  tltepirileof 
France  h  not  the  lame  lubdancc  as  that  of  Saxony,  or  that 
minerals  having  the  fame  external  characlers  and  efpecially 
the  i.ime  iorm,  may  vary  both  in  their  chemical  properties, 
and  in  the  proportions  of  their  conllituent  principles*  M» 
K!apr(»(h  hys  (hat  acids  have  no  adlion  on  the  pirite  of  Sax- 
ori\,  that  he  found  much  difficulty  in  operating  on  it  by  pol« 
ath,  and  that,  in  order  to  feparate  its  parts,  he  was  obliged 
to  treat  it  twice  with  this  alkali.  The  fame  chcmift  appears 
ii'it  to  have  found  any  waier  in  thi>i  fubflancc.  This  differ* 
ence,  it  is  true,  may  be  explained,  if  it  is  contidcred  that  llie 
])irite  of  Saxony  contains  more  alumine,  and  that  it  adheres  to 
the  tongue,  while  that  of  France  has  not  this  property,  pro- 
bably on  account  of  the  water  which  it  contains. 


Gay  LuflTac  on 
fluoric  acid  in 
animal  fub* 
ftaQccf. 


VII. 


ExperimtntSf  Jheivingf  contrary  to  the  /tjjcrtions  qf  Aforichini, 
that  tht  Eniuncl  of  Tec  th  doc's  not  contain  Fluoric  Acid.  In  a 
Let icr  from  W  m  .  B  k  a  n  d  e  ,  Efq. 


SIR, 


To  Mr.  NICHOLSON. 


aIaVING  feen  in  one  of  the  laft  numbers  of  the  Afinakt  de 
Chimir,  an  article  entitled,  *'  Lettre  de  Monfieur  Gay-Luflfac 
a  Monfieur  Berlhollet,  fur  !e  prefcncc  de  Pacide  fluoricjue  dans 
Ie.s  fubilances  animates,"  &c.  I  was  furprifed  to  find  that  a 
chcinin  at  Rome^  of  the  name  of  Morichiniy  bad  diicovered 

fluoric 
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fhiaric  acH  united  to  Itme  in  the  enamel  of  human  teeth.  The  j-«n^faW  bj 
extraordinary  refultsof  thefe  refearches,  iodoced  me  to  repeat  ^^ift  in  the  ea- 
them;  but  before  I  mention  the  experiments  from  which  I aaid  of  teetlu 
have  drawn  conclufions  different  from  thofe  of  the  above-- 
mentioned  chemid,  it  may  perhaps  be  proper  to  quote  that 
part  of  Gay-Luffac's  letter  which  relates  to  the  prefcnt  fub- 
jea: 

"'  M.  Morichini  having  detached  fome  of  the  enamel  from  Qootetimi  tn 
human  teef h,  fuppofed  that  it  might  bear  fome  refemblance  in  ^*  ••«A- 
its  compoHtinn  to  ihe  enamel  of  the  fofiil  teeth  of  an  elephant, 
in  which,  on  a  former  occaiion,  he  had  detached  fluoric  acid;  ' 

he  therefore  fobjtsded  it  to  analyfis,  and  perceived,  lo  his 
great  fatisfadion,  that  it  contained  a  large  proportion  of  fluo- 
ric acid. 

To  render  thefe  experiments  more  conclufive,  he  fubmit.  Moriehini  fays 
ted  portions  of  ihe  two  fpecics  of  enamel,  viz.  that  of  the  ^'  **^  enMnd 

'  01  recent  teeth 

foffil,  and  human  teetht  and  likewife  fluat  of  lime,   to  the  afTocucd  Huomc 
aaion  of  fulphuric  acid,  and  found  that  the  laft  of  thefe  three  ^^  «  ^«»  ^ 
fubftances  yielded  fluoric  acid  in  the  greateft  abundance,  and  ^^^^ . 
that  the  enamel  of  foflil  teeth  yielded  fomewhat  more  than 
t'nat  of  human  teeth;   bqt  Morichini  remarks   that  this  dif- 
ference is  merely  owing  to  the  prefence  of  animal  matter  in  the  ,. 
two  kindi  of  enamel,  and  that  the  difengagement  of  the  acid 
firoro  the  float  may  be  retarded,  by  adding  a  little  gelatine  to 
that  fubflance,  after  it  has  been  calcined,  and  then  drying  the 
compound.     He, moreover  oblcrves  that  the  vapours  which  aad  that  the 
fulphuric  acid  difcnt^ged  from  any  of  thefe  three  fubftunres,  i"]jn  ""^^^^^^ 
bad  the  property  o!  a61ing  on  glals,   of  depofiting  a  filiceouR  pouii  that  cor. 
film  on  water,  and  other  properties,  which  it  is  I'carcely  ne- '^'^ ''*^»  *^' 
eeflary  to  mention. 

According  to  Morichini's  experiments  one  hundred  parts  Component  pom 

of  the  enamel  of  human  teeth  contain  30  parts  of  animal  fab-  ^'  *^*'  ^ 

'  ,  teeth  according 

itance,  and  22  parts  of  fluat  and  phoiphaie  of  lime,  with  fome  to  Mvichini. 
magneiia,  alumine,  and  carbonic  acid.  He  has  not  yet  been 
able  to  feparate  the  fluoric  and  phofporic  acids  from  each  other, 
but  thinks  that  the  proportion  of  the  latter  mu(i  be  extremely 
minute.  M.  Morichini  has  alfo  obferved  that  the  enamel  oi 
the  foflil  teeth  of  the  elephant  dtflfers  from  that  ol  human  teeth, 
in  contaioing  a  (mailer  proportion  of  animal  fubflance  and 
phofphoric  acid ;  but  he  thinks  that  the  phofphoric  acid  which 
be  iiound  in  the  enamel  of  bpman  teeth  may  have  been  derived 

from 
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fran  a  portion  of  the  bony  pari  from  which  the  eoaniel  is  bm 

panted  with  great  difficulty.    But  the  mofl  ioterefling  and 

iroexpeded  refuU  is,  that  fluoric  acid  exifis  in  animal  fulM 

Itancet :  a  difcovery  of  the  greateil  importance.    Thefe  ex* 

perimentsoppoTe  theprefent  opinion  concerning  ihe  compofi- 

tion  of  enamel,  for  Mr,  Hatchett  in  his  analyfis  of  this  liib* 

fiance  has  only  detected  phofphate  of  lime. 

iforldiial  pw-      The  refult  of  Mr,  Hatchett's  experiments,  together  with 

^mT^'f^  thoie  which  were  fobCequently  publifhed  by  Mr.  Jofle^  in  the 

{jin^te^       Aonales  de  Cbimie,  Tom  XLIIL  rendered  it  neceflary  for 

fsptrimentt.      ^.  Morichini  to  fubmit  his  opinion  to  accurate  invefiigation, 

and  after  having  made  a  numerous  (eries  of  experiments  on  the 

ittbjefl,  he  obferves,  that  he  cannot  entertain  a  doubt,  that 

the  enamel  of  human  teelh  coniifts  chiefly  of  fluat  of  lime. 

OiaeiJ  riMarks     After  fome  obfervations  on  the  compofition  of  ivoryi  M. 

^  Giy-ioira««  Gay*Luflac  concludes  this  part  of  his  letter,  by  obferviog  that 

there  is  an  immenfe  field  laid  open  in  that  part  of  cheroiflry 

which  relates  toaiumal  fubflances,  if  it  were  merely  to  fearch 

for  fluoric  acid.     Morichini  has  undertaken  an  invefligation 

of  the  fobjed :  but  fo  much  remains  to  be  done«  that  the  ex« 

ertions  of  many  cbemifls  will  be  requiiite.'' 

'The  tathor*!         '  ^'^^  ^^^  relate  fome  experiments,  which  will  (hew  that 

tspedmeatt       fluoric  add  does  not  exift  in  the  enamel  of  human  teeth,  but 

l^^diecoa.    ^^^  ^^^  fubftance  confifts  chiefly  of  phofphate  of  lime,  as 

originally  flated  by  Mr.  Hatchet!,* 

Snimd  of  h«-i       One  hundred  grains  of  ti)e  enamel  of  human  teeth,  detached 

sua  ceedi  w«i    ffom  nyfi^t  is  ufually  termed  ihe  bony  par^  but  which  appears 

U^d,  ■nSfoi^*  ^o  conflft  of  a  fubflance  of  the  nature  of  ivory,  were  kept  (or 

{eAe^MfBi.     m  few  minutes  in  a  red  heat,  and  then  pulverifed.    The  eo* 

The'^raaeidid    smel,  thus  reduced  to  powder,  was  put  into  a  platina crucible^ 

90c  cono4s.        in  which  a  piece  of  a  glafi  rod  was  placed  horizontally  in  fuch 

i**^  a  manner  as  to  be  about  an  inch  and  ^  half  above  the  enamel. 

Half  an  ounce  of  fulphuric  acid  was  then  added,  and  the 

.crucible  being  covered  witli  a  clean  plate  of  glafs,  the  heat  of 

M  lamp  was  applied,  and  diflillation  carried  on  for  half  an 

hour.    During  theprocels,  white  fuflbcatiog  fumes  were  ex* 

tricated;  but  on  removing  the  glafs  which  clofed  the  top  of 

.the  crucible,  neither  this,  nor  the  rod  below  it  were  in  the 

ieafl  a^ed  upon ;  which  certainly  would  have  happened,  bad 

»  Vide  Phil.  Tranf.  1799,  p.  328. 

any 
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•njf  flaoric  acid  been  prefenC.    Finding  tlits,  tbereforet  io  be  nehlier  wu 
Uie  cmfe^  I  proceeded  as  foUows  :-Fifiy  grain*  of  tlie  fame  SS?«7fl^\i; 
fltMrod  were  introduced  into  a  fnaU  glafs  retort,  and  m  littie  acki  by  addiag 
Mpiuiric  acid  being  added,  dinillalion  was  carried  on  nearly  eoi^^  dif. 
to  drynefs,  but  in  fucb  a  manner,  that  the  gafeous  produdb  tilUag  ofer  bkt-' 
n%bt  be  received  orer  mercury.  A  fmall  quantity  of  fatphnric  ^"^* 
add  gat  wms  difengaged,  and  what  remained  in  the  retort, 
coofiiM,  as  far  as  I  could  aicertainf  of  a  mixtore  of  fulphate 
of  iimef'  pbofphoric  acid,  and  a  fmall  porttoo  of  fulpbur, 
arifiog  from  a  decompofition  of  a  fmall  part  of  the  fulphurie 
flcid  by  the  animal  matter,  exifting  in  the  enamel, 

I  have  the  honour  to  be. 

Sir, 

Your  mod  obedient  fcrvanf, 

WILLIAM  BRANDliU 
Arlington  Street, 
Feb.  15,  IS06. 


VIII. 

Jf  Memmr  cm  taking  the  Levek  qf  the  whole  Surface  of  Prance. 
Bjf  P.  S.  Gi&ARD,  Chirf  Engineer  of  Bridge*  and  Mizh- 

If  the  furiSu^  of  the  earth  were  formed  by  the  revolution  of 
a  curve  round  its  axis,  it  would  be  fufiicient,  in  order  to  de* 
termtne  the  refpedlive  po(i lions  of  diflTerent  points  upon  it,  to 
meafure  their  diflances  from  the  interfedion  of  that  furface 
made  by  the  plane  of  the  equator  and  any  particular  or  af- 
fumed  meridian. 

Thus  geographers,  coniidertng  the  earth  as  perfefily  fphe-  The  methoi  by 
rical,  have  determined  the  pofition  of  any  given  place  by  the  ^^^f^^ 
conjundion  of  two  co-ordinates,  one  of  which  is  the  arc  of  the  poficioa  •£  « 
the  meridian,  coroprifed  between  the  place  and  the  equator,  P^^^» 
and  the  other  an  arc  of  the  circle  parallel  to  the  equator,  cora- 
prifed  between  the  place  and  any  afligned  meridian. 

♦  Jaurnal  dcs  Mines,  Vol.  XVII.  p,297. 
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Ai  (befe  two  co-ordinates  interfed  each  other  at  right  ahgfcf, 
it  ii  apparent  chat  the  method  of  geographers,  for  deterniinin|r 
the  pofitton  of  any  place  on  the  earth,  is  the  fame  as  that  by 
which  the  pofition  of  a  point  on  a  plane  is  commonlj  deter- 
mined. 
h  not  exaftt  on       But  this  procefs,  which  would  completely  anfwer  the  views 
i^uafiw  rtl^thc  **^  geographers,  if  the  terreftrial  fphere  were  regular,  ceafes 
eaith*!  furface.   to  be  exad  when  the  irregularities  and  protuberances  are  CDo» 

fideredy  with  which  the  furface  of  this  fpheroid  is  coversd. 
This  tnie  pofi-  :.    The  pofition  of  any  place  depends  in  realif  r,  according  to 

inaSnei^n!*^"* '^^P^^**^^'^'  on  a  third  co-ordinate,  which  is  fuppofed  to 
tficular to  that     be  dravin  perpendicular  to  the  point  of  interfe^ion  of  the  two 

This  third  co-ordinate  ought  to  be  taken  vertically  over  the 

place  of  which  the  portion  is  to  be  determined,  and  its  mea- 

■fare  reckoned  from  the  place  itfelf  to  its  arrival  at  an  imagi- 

nary  furface,  produced  by  the  revolution  of  a  known  curve 

round  the  axis  of  the  earth. 

The  level  of  the      But  it  is  known,  that  if  our  globe  were  furrouuded  by  a  fluid 

?f*™**i*^      mafs,  alt  other  force  being  fuppofed  to  be  abfenf  but  that  Al 

face,  from         tcrreflrial  gravity,  the  furface  of  this  fluid  mafn  would  be  that 

wheDtt  to  met-  ^f  ^  fplierical  folid,  of  which  the  mean  furface  of  the  fea,  in 
lure  thole  per-    .«,,/*  r.  .  % 

^ndlculart.       t^^  adual  ftate,  reprefents  a  part :  It  appears  then  convenient 
to  choofe,  for  the  third  co-ordinate  here  roenticned,  that  por- 
tion of  a  vertical  line  pafling  through  ai\y  plac<'y   which  is 
coroprifed  between  that  place  and  the  mean  furface  of  the 
fea,  fuppofed  to  penetrate  the  globe  and  to  be  extended  be- 
neath the  continent. 
This  It  the  be(^»      We  have  faid  that  the  choice  of  this  line  would  be  conveni- 
onr^methodf^   ^"^ »  becaufe,  in  reality,  the  poUtion  of  a  point  on   the  ttr- 
reftrial  furface  may  be  determined  by  adopting  any  other  fyf- 
tem  of  co-ordinates ;  for  example,  by  fixing  the  poHtion  of 
this  pointy  by  three  planes  mutually  interleding  at  right  angles; 
But  His  the       buff  bcHdes  the  advantage  of  greater  fimplicity  in  the  cxpref^ 
•"bJfid"^*'*  *****  fion  of  the  circular  co-ordinate.*,  they  have  moreover,  that  of 
rally  adopted,      being  generally  adopted  ;  for  the  geographical  charts,  hither- 
to prepared,  may  be  coniiJcred  as  the  proje6lion  of  the  con^ 
The  true  pofi-    tincnts  and  idands  on  the  mean  furface  of  the  lea  ;  fo  that  there 
tion  of  a  place     ^^^y  remain*,  in  order  to  render  geography  perfe^,  to  add  to 
ai^o.xiiigits       the  latitude  and  longitude  of  all  the  places  on  the  eanh,  the 

vertical 
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Vtttical  height  which* (hey  are  elevated  above  (he  furF.ice  or^r('ttl«'Cv;itT(«n 

UieOCtan.  ....  its  latitude  an  l 

The  oliged  of  Ihis  memoir  is  to  indicate  the  means  of  deter-  longitude. 
miniog  (his  vertical  heighth,  by  their  particular  application  to  Management 
the  territory  of  France.  K'g  tfc^;;i' 

It  it  evident,  that  all  the  operations  neccfTary  for  this  de(er«  fitions  iiewn  ta 
mination,  may  be  reduced  to  a  feries  of  levels  made  in  deter*  p^,!^'"^*  ^ 
minatediredioni. 

Nature  itfelf  has  pointed  out  thefe  di regions,  by  the  lines 
of  graUeft  declivity,  which  the  large  rivers,  and  thofc  which 
low  into  them*  form  on  the  furCace  of  the  earth. 

Thus,  France  being  divided  into  five  principal  bafons,  by  Thelcveli  of 
the  Rhine,  the  Seine,  the  Loire,  the  Gironde,  and  Ihe  Rhone,  JiJcis''^^^^ 
— the  levels  of  the  courfe  of  theic  rivers,  from  their  fuurces,  would  fonntbe 
or  from  their  entrance  into  France,  to  their  terminations  in  **"*?*  of  this^pfr. 

'  ratjon  fur  that 

the  ocean,  would  form  the  fie  (I  bafis  of  the  work  propofed  to  country. 
be  undertaken. 

After  having  afccrtained  this  firfl  bafis  of  the  general  ope-  The  levdj  of 
ration,  (he  levels  of  the  ftreams  by  which  the  great  rivers  are  wWch"tWir 
fupph'ed,  fiiould  be  nex(  taken,  and  thefe  dreams  (hould  be  thofe  great  riven 
coniidered  without  any  regard  to  thofe  of  the  third  order,  by  ^"^  ^  ""' 
which  they  are  themfelvcs  maintained. 

At  the  fame  time,  the  levels  of  the  rivers  of  the  fecond  '^^  ^^^^  ^ 
rank,  which  fall  into  the  two  feas,  fliould  be  taken;  fuch  sl^  fKondnnk.  ^  ' 
the  Efcaut,  the  Sommc,  the  Orne»  the  Vilaine,  the  Charente,  taken  at  tticfarrr 
the  Adour,  the  Hcrault,  &c.  !l"'^/a'^*'^'  **' 

tnc  nrlr. 

The  declivities  of  the  beds  cf  the  fccondary  rivers  being  The  levHs  of 
known,  thofe  of  the  rivers  of  the  il)lrd,  fourth,  and  filth  L.r-^'*"^  ''f^\ 
dcrs,  &c.   (hould  be  determined  fucccllivoly,    according  toand  titLh  wds'.. 
ipecial  indrudions  which  lliouid  be  j;iven  for  this  purpofe.        tikea. 

By  thus  claJing  the  operations  relative  to  the  gi.n<jral  levels 
of  France,  and  by  arrangiiig  th(;ir  refults  in  order,  as  (h<*y 
were  obtained,  all  the  data  would  be  loon  collc6led,  which 
were  neceflary  for  tracing  the  elevation  of  ili  leirilory  on  a 
geographical  chart  already  prepared. 

This  tracing  of  the  elevations  would  be  elfidG,ed,  by  joir.ing  ^'cyatlon  of  the 
all  the  points  on  one  level  by  the  fame  line.  France  to  be  ex- 

Thefe  lines  qf  Levels  ruight  be  fuppofcd  to  be  elevated  per-  picflcd  in  the 
pendicularly,  one  above  the  other,  by  a  determinate  fpace,  [^g^^^jj^jJ^JI^ 
conformable  to  the  fca'e  of  the  chart  on  which  they  were  on  one  level  by 

3  h 
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tt  is  evident^  that  thefe  lines  would  reprcFent  Ihebordctt 

of  the  coafts  of  the  fca^  if  it  was  fuppofed  that  its  moui  letif 

fliould  be  elevated  fucceflively  to  the  lame  heigblhs  which 

tliey  reprcfenied, 

M.  Tiiel  pre-        It  was  according  to  this  idea  that  M.  Dupsin  Trid  pre* 

ofanupontUsP"'^  a  ph)fical  chart,  meutioned  by  M.  Lacroix,  nember 

y^»  of  the  National  InAitute^  in  his  introdudlion  to  Pinkertoo't 

Geography;  a  chart  which,  from  the  defed  of  materials  ■•• 

cetfary  for  its  conftrudtion,   prefcnted  only  the  (ketch  of  a 

work,  the  extent  of  which  would  require  for  its  pcrfedico  asi 

union  of  means,  which  could  not  be  at  the  difpolal  of  aaf 

particular  individual.* 

The  order  has  been  pointed  out  in  which  this  work  ought  ttt 
be  executed,  and  we  (hall  now  eacamine  how  it  (boald  ha 
performed. 
Tk  courliei  of  The  bed  of  each  of  the  great  rivers  mud  be  divided  into  a 
a!!!  M^d'^'"  certain  number  of  portions,  and  each  portion  flioold  be  le« 
^iaed  into  por^  veiled  by  obfervers^  who  (hould  operate  at  the  fame  time. 
^^^^?t^  Thcfe  obfervers  fhould  place  accounts  of  their  opetatioDs 
ukea  byobfer-  at  each  extremity  of  the  portions  of  the  bafons  with  which  they 
«en  at  the  fame  i^ere  charged ;  and  as  the  levels  of  the  fecondary  riven  (hoold 
^^^*  be  connedcd  with  thcfe  of  the  principal  rivers,  it  would  be 

necelTary  alfo  to  place  accounts  of  the  operations  at  the  mouth 
of  each  of  the  inHuent  fl reams. 

The  levels  fhould  be  taken  on  the  banks  of  the  riven,  with<« 
out  any  regard  to  the  furface  of  the  water.  If  it  were  thought 
nfeful  to  determine  the  declivity  o\  this  furface,  it  would  be 
cafy  to  afccrlain  it,  by  levels  taken  at  the  fame  time  with  tba 
others,  at  certain  difiances  from  each  other. 
Thr  refults  to        When  the  different  obfervers  have  completed  their  refpec* 

^  «>"*^,"*^  live  obfervations,  the  rcfulu  muft  be  collccl-d,  to  form  the 

a  general  lyi* 

tern;  feries  of  levels  of  one  of  the  beds.     And  in  the  fame  manner 

the  levels  of  all  the  refl  (hould  be  obtained. 

After  this,  a  general  fyilem  (liould  be  formed  from  Ihofc 

particular  levels,  by  conneding  together  the  different  bedsi 

by  operations  diredled  from  one  to  the  other,  according  to 

thofe  lines  which  would  afford  the  greated  facility. 

*  Compare  this  with  Mr*  Churchill's  plan,  at  p.  2C4  of  oar 
XJth.  Vol.— T. 

Ther« 
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There  onljr  remaui^s  lo  deteraiiie  to  what  agenU  Govern* 
ment  ikould  cntruft  the  pesformance  of  the  general  levelling 
of  France^  in  order  to  have  it  executed  with  the  greateft  ex- 
u&nefsp  fpeed,  and  economy. 

The  engineers  of  ^  bridges  and  highways,  already  placed  in  Tlieaig!acen«r 
thediflferent  departments,  where  this  operation  ihould  be  P««^- high^yiwLoJd 
formed,  are  evidently  the  only  perfons  to  whom  it  could  be  be  the  moil  pio- 
confided,  fu  as  to  fulfil  thofe  three  conditions.  ^pCJIImWi 

In£i£t,  the  execution  of  all  projeds  relative  to  the  efouworlu 
blifliment  of  coromunicationa  by. land  or  by  water,  require, 
that  the  elevation  in  relief  of  the  country,  through  which  the 
ivorks  fliould  be  carried,  (hould  be  known*  The  theory  and 
pradlice  of  levelling  form  an  effential  part  of  the  inftrudioo 
given  to  the  engineers  of  bridges  and  highways ;  and  greater 
reliance  may  be  placed  on  the  exadnefs  of  the  refults  which 
they  might  furnifli,  becaufe  the  ufe  of  the  inftruments  neceC* 
fary  to  this  operation,  is  more.fiimiliar  to  them. 

On  the  other  hand,  there  are  none  of  thofe  engineers  wiio 
could  not  dedicate  fome  days  of  the  furamcr  to  taking  the 
levels  of  tliat  portion  of  fuch  great  rivers,  or  dreams,  as  (hall 
traverfe  his  dillrid;  and  as  it  is  eafy  to  take  the  levels  of  four 
or  five  kilometres  (about  three  Englifh  miles)  each  day,  efpe- 
dally  when  the  line  to  be  levelled  ii  previoufly  determined  by 
the  dire£lion  of  the  river  or  current  of  water,  it  is  certain,  that 
the  engineers  of  the  bridges  and  highways  might  collcdli  in  a 
very  thort  period,  very  minutely  detailed  materials  for  a  phy. 
Heal  chart  of  France. 

Lafily,  thefe  materials  would  be  colledtcd  by  them  with  the  They  eouU  pef« 
leaA  polEble  expence,  becaufe  Government  would  neither  ^"  *^  ^]^^^ 
have  to  fupport  the  coft  of  extraordinary  journics,  nor  thenatkn. 
purchafe  of  inftruments,  as  the  engineers  are  already,  by  the 
very  nature  of  their  employments,  difperfed  over  the  feveral 
difirids  where  it  would  be  necelfary  to  operate,  and  are,  at 
the  fiune  time,  provided  with  the  different  inflroments  re* 
quired  for  this  purpofe* 

It  may  alfo  be  added,  thai  the  taking  the  general  levels  of  It  would  tend 
France  appears  to  be,  with  the  more  propriety,  a  work  ^hat^JJJ*^^^ 
(hould  be  performed  by  the  engineers  of  bridges  and  high- }^  it 
ways,  as  they  would  be  the  firft  to  profit  by  this  operation  in 
putting  their  projeQs  into  execvrtion^ 

Vol.  XIII.— Ma acH,  1806.  K  S»ppo& 
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Sappofe  then  thit  the  engineers  of  bridgei  and  hlgbwtyi 
were  charged  with  the  performance  of  this  work»  let  at  co»- 
fider  ho\¥«  after  Tome  years,  the  exadineft  of  the  refutti, 
which  they  had  colleaed,  could  be  fufficienlly  afbertained. 

Let  us  Cake,  for  example,  the  bed  of  the  Loirey  vdiofe 
eourfe  is  of  great  extent. 
\  Thechtefetigineersof  the  departments  of  the  Upper  Loire, 

of  the  Loirep  of  the  Saone  and  Loire,  of  the  Nievre,  of  the 
Lotret,  of  the  Loire  and  Cher,  of  the  Indre  and  Loire,  of  the 
Maychne  and  Loire,  and  of  the  Lower  Loire,  wottld  be  or- 
dered to  famiih,  daring  the  year,  the  levels  of  that  part  of 
Ihe  eourfe  of  the  Loire  which  traverfcd  their  refpedtive  de- 
partments. 

According  to  the  new  organization  of  the  fervicc  of  bridges 
and  hip;h\<^ys,  thcfe  nine  departments  require  twenty-lwO  en- 
gineers, in  the  diflridt  of  each  of  whom  would  be  foubd  a 
portion  of  the  work  to  be  performed. 

The  total  extent  of  the  Loire  is  about  ninety  muriamelers 

(about  5.')()  miles),  which  being  divided  among  Iwenty-lvl'O 

ohfervers  would  give  to  each  of  ihcm  little  more  than  forty 

kilomefer-i  (ahoul  twenty-five  miles)  of  levels  to  execute. 

Li  V,  u  of  tr.«  T lnrrc  i*  fpalon  to  believe,  from  experience,  that  the  twenty- 

t]iken?'*'tl!c^2a^^^''  ci.gijierrs  employed  on  the  eourfe  of  the  tiver,  ^ould 

eng'Hcei^m  that  finiOi,  in  Icfs  than  one  feafon,  the  levels  of  the  whole  river. 

diftria,  :n  one       ^j,p  (-j,^^  j|,j„g  ,^j,^  \^q  affirmed  of  I  he  engineers  phiced  in 

the  dt»pMrtinenl"  travcrfed  by  ihu  Rhine,  the  Seine,  the  Gi- 
ronde,  avA  the*  Rhone,  ii  appears  then  beyond  a  doubt,  that, 
at  the  rnd  of  the  firfl  year,  the  chief  pnrt  of  this  phyfical  chart 
rouid  be  completed,  to  which  the  fnilhcr  details  might  ix  af- 
terwards added. 

Whatever  care  may  be  beAowcd  in  takin^ir  levels,  their  ve- 
rification is  always  an  ufeful  operation.     'i'Jiat  of  the  general 
'le\t?1s  of  Franre  might  be  made  as  oHcn,  and  in  whatever  cir- 
tevels  of  'cumfbnccs  it  (hould  be  judged  ncceflary.     it  would  be  Aiffi- 

Francr,  ^y*'^^.    cicnt  for  this  purpofe,  to  direft  the  newly  appointed  engineers 
ailerwards  uri-  to  repeat,  in  the  departments  to  which  they  might  be  fcnt» 
ficd^t^cnc^l;  (jjQ  (jbfervations  of  their  prcdcceilbrs ;  which,  bcfides  the  ad- 
4S!mr^^ '  vantage  of  confirming  or  corrcfting  the  rcfults  already  ob* 

tanned,  would  give  an  opportunity  to  (h<»  nc\v  engineers  ftf 
acquiring,  in  perfun,  a  knowledge  of  the  elevation  of  iheir 
rtff][)cAivc  dlArids  in  relief. 

The 


^d  Tacility  and  promptitude  with  vrhicli  (he  engineers  ofF«unty  of  lUi 
bridges  and  highways  might  exteute  this  work,  will  be  ap-^"^ 
parent,  if  it  be  recollrdled  (hat,  at  (he  time  when  the  major 
part  of  the  great  roads  in  France  were  formed,  and  when  a 
general  fyftcm  of  internal  communications  wa»  delired  to  be 
ellablilhed,  M.  de  Trudainc,  aflifled  by  M.  Ferronneti  caufed 
pltfns  to  be  takei>  of  all  the  principal  roads*  from  their  com* 
Uiencement  to  the  frontiers.  There  was  joined  to  the  plan 
of  (he  road  properly  fo  called,  (hat  of  the  coun(ry  bordering 
on  it,  to  the  diflance  of  three  or  four  hundred  yafds  at  each 
fide;  a  work  which  evidently  required  more  time  than  fimply 
taking  the  levels  of  a  determined  line,  fuch  as  we  propofe ; 
and  yet  the  engineers  of  bndgefi  and  Highways,  or  their  pu* 
pils,  employed  in  taking  thofe  itinerary  plans,  completed  from 
five  to  fix  leagues  of  them  each  month. 

The  general  utility  of  the  operation,  of  which  a  iketch  is  Geological  ope- 
here  given,  will  fooner  or  later  determine  fome  of  the  nations  "^f**  ■^^^J'^ 
o  pertoracd  la 

of  Europe  to  undertake  it.     France,  on  whofe  territory  has  Fnnce»  wfeJ 
been  lately  execilted  fome  of  the  fineft  geological  operations**  *  modipe  to' 
which  were  ever  performed,  and  where,  for  the  firfi  time,  a  ^g^i^ . 
fyftem  of  oniverfal  meafnre  has  been  efiabli(hcd  on  an  inva* 
riable  bafis,  feems  to  be  particularly  called  on,  to  give,  on 
this  occafion,  the  firfl  example  of  a  work,  which,  by  com«  ^tch  would 
pleting  the  natural  geography  of  countries,  will  furnilh  new  tu"f  ^LnpS 
fads  to  geology,  and  to  thofe  different  parts  of  natural  hiftory  of  countries. 
which  depend  on  it. 


IX. 

Oh/crvations  and  Experiments  on  the  Compofition  of  Wuter^  and 
oilier  Elemaitarjf  Doctrines.     Bif  H.  fi.  K. 

ToMr.  NICHOLSOIsf. 
SIR, 

JlVS  two  papers  have  appeared  in  your  Journal,  both  of 
Which  militate  againft  the  rcfult  of  my  experiment,  and  as  Mr. 
Accnm  has  been  concerned  in  one  of  them>  I  therefore  think 
it  incanbent  on  me  to  anfwer  them. 

R^  I  w«f 


3j4  COMPQltTION   or  SVATEK,  BiC. 

The  ftei »b<        T  was  glsd  lo fee  my  expenmenti  in  your  ]ourn>!, u illi 

aietdhva  f^  cs|e„|jve  a  circulatinil.      I  (llall  now  give  you  the  ^noljrti' 

ifm,  (ladki  of  *^°'  i>"t  to  ( onliriD  my  former  eitperiinenli ;  u  by  l)icm  I  ll«d, 

nitrous  pufut  ]  linpe    jrivcn  lironir  €»iilencc,  iJial  acids  are  neccflkrr  i* 

ciplofMn,  mi     r        .  r  ,,      ■  „    r.     ,  :       /   ,  t 

giyt  nitre  with  ™"'"'g  gales.  Having  collcflcri  a  gfcal  quantity  of  the  gate* 
tonBh  prpduccd  by  llie  galvanic  pile,  i  miroduced  them  inio  a  (IriMig 

glafa  lubii,  doled  at  one  end,  ilic  other  end  1  atteiwatili 
doled,  having  previuuHy  intiodiiccd  loihegafci  a  fmall  quan- 
ttlyof  arululioiiQf  potaOi:  through  ihii  tube  the  ele£lricfparl( 
was  made  to  pafs,  it  having  fmall  openings  (o  adroit  llw  vi'tte* 
«f  coaiinuiiiL'aiioi).  UpontKeir  combuftion,  the  fmell  of  llw 
nilruuf  ftcid  vapour  appeared,  both  froiu  itn  colour  and  fmelli 
and  Ibe  lube  being  muved  up  and  down,  fo  as  to  allow  the 
lufieiir  Jiid  th4  folution  of  potalli  to  come  in  conlaft ;  the  (b- 
lution  being  examined  fome  (liorl  time  afler,  it  gavcevideiU 
and  unequivocal  flgns  of  the  nrtraie  of  potalh. 
On  P»«lii"ni  I  fi'e  in  your  Journal,  Mr,  Riffanl's  experiments,  in  anfwtc 

*nd  RifTiRt'i  to  Mr.  Pjcchiaiu's  paper.  Indeed,  in  reading  Mr,  P.'i  cat- 
*  perimeitis,  nulliing  L-ould  appear  moie  vague  and  wild  tliaa 
that  water,  by  having  oxigeui  the  fuppofcd  ntidilying  princi- 
ple, taken  I'tom  it,  (Would  become  a  Itrmig  niincral  acid.  Mt, 
RilDini'i  fecoiid  experiment  dicedlly  eoiitradids  my  expert* 
luenl,  on  thu  fuppolilion  ihal  waler  is  a  compound  budy;  but 
it'  eKaniined  tipnii  my  fuppolilion,  thai  the  acids  arc  neccdary 
in  (brmnig  (be  gafes,  and  Iliat  ihe  water  ■«  only  necelTary  in 
iWming  ibL-  watp.1  of  compoliiion,  I  hope  I  lliall  be  able  lo 
prove  that  his  c\|ieriffient  confirms  my  opinion.  There  were 
verv  little  of  gafcs  tbrmed  by  ihit  experiment,  and  the  wire* 
were  very  much  calcined  :  now  this  calcinaiiim  wai  from  Ihfl 
acid,  or  acids,  1  proved  by  repeating  the  very  fame  experf- 
rnen[<i-  but  only  inflead  of  diRtlled  water,  I  utcd  a  folalkon 
of  potaQi,  and  inlfeatt  of  the  wires  being  calcined,  they  were 
rnM  fcnfibly  afled  upon,  and  the  polaSi  became  nitrated.— 
Now,  Mr.  Nicholfon,  1  (feiiouHy  and  ard'.'ntly)  call  upon 
vour  numerous  ri-aders  to  perform  thi$  cxperimeni,  which 
Ilhinkinaflbedecifive. 
*«inft  the  ^  **"  *""  f"^i^  at  If'e  Frencli  elieoiids,   in  making  ibe  pr»> 

do£l(lne »f  ih<-  portion  fJl  the  gafei  fo  CxaOly  to  lally  with  llieir  opinion  of 
eowpwfinon  oi  ;li«  tompofilion  of  water;  bull  have  in  my  );>;])« i men l4 fonad 
urged  thit  the  very^flbrent  refults ;  the  Idnd  of  gales  de|>ei>ding  a  guOil  d*tl 
BjfctiAi.ln(dr-i^n  (he  wires  ufed.  the  diflwenl  melati,    iljcir  length,  t  '' 

_  Iitiat  dilfcirnr 
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ftim  diffvent  liquors  between  the  phitef  of  the  pile;  all  of 
wbidi  Ind  a  fenfible  effect  apon  the  gafesj  both  upon  the 
qootity  produced^  and  their  kind;  the  calcinable  wires  when 
lon^  prodocing  the  moft  inflammable  kinds^  and  the  lefs  caici* 
mUe  netals  the  more  of  the  oxigen  kind,  and  the  longer  the 
wire&  the  more  in  volume  were  the  gafes. 

Mr.  NortlimorCp  in  your  Journal,  endeavours  to  prove  ibeReimrkfoa 
fonnalioo  of  the  nitric  acid  from  ihc  compreffion  of  gafes,—  **''  Nordi- 
Upon  inveftigation,  his  experiments  will,  I  thinks  be  found  mmn-* 
ytrj  vague  and  incondufive :  thai  gafes  from  adtive  compref- 
Aon  wilt  produce  both  heat  and  water^  has  been  long  known. 
The  firft  experiment  was  in  condenGng  hidrogen,  oxigen  and 
nitrogen  gafes,  two  pints  of  each.     He  fays  they  produced 
*'  while  floating  vapour**  probably  the  gafeous  oxide;"  but 
in  experiment  the  feventh,  he  obferves^  "  the  hydrogen  pro- 
duced while  clouds  at  firfl,  quare  ammonia."     So  without  any 
chemical  examination  of  thefe  white  cloudsi  they  are  at  firll 
hippofed  to  be  the  gafeous  oxide,  and  afterwards  ammonia^ 
jMtl  according  as  his  theory  dilates  to  him.    In  the  flfth  ex* 
perimenty  he  (ays,  "  and  the  refult  was  only  a  fmell  of  ga« 
teoas  oxide  of  nitrogen,  a  few  ycllowifh  fumes."     Here  then 
the  gafeous  oxide  produces  a  yellow i(h  colour,  though  in  the 
firft  experiment  it  was  a  white  colour. 

The  acid  produced  was,  from  the  fame  vague  opinion,  fup* 
pofed  to  be  the  nilric;  but  ihis  he  endeavours  to  examine  in 
the  next  experiment ;  firfl  by  a  good  tefl,  in  expofing  it  to 
lime  water;  and  he  lays,  *'  Some  yellow  particles  were  feen 
floating  upon  the  lime  water;  thefe  particles  probably  arofe 
from  the  refinous  fublcance  ufed  in  faflening  on  the  cap  of  the 
receiver  being  dilfolved  by  the  nitrous  gas  formed  during  con- 
den  fation.  Here  then  was  the  lime  water  affeded.  I  fay 
with  confidence,  thefe  tlocculi  in  the  lime  water  were  from 
the  carbonic  acid  produced,  and  why  they  appeared  yellow 
was  from  their  being  feen  through  the  gafes,  being  clouded 
with  an  orange  colour,  which,  as  he  obferves,  they  put  on 
when  they  were  condenfed. 

•  That  acids  are  neceflary  in  forming  oxigen  gas,  I  hope  ap- 
pears very  clear  from  my  experiments;  therefore  when  it  forms 
combudion  with  inflammable  bodies,  it  is  rational  to  fuppofe 
that  an  acid  will  appear  upon  its  decompofition.  If  the  com* 
buSkm  is  aAivc,  as  in  the  French  experiments  in  condenfing 

oxigci^ 


2S6'  coHpoiition  op  watbbi  be. 

eaurki  oa  cofigen  fliid  hidrogen  gafc?!>  (he  beat  produced  is  (b  tMw% 
«^?^'^»i.  "  ^  ^^^  *°  explofioD  of  the  gafes;  but  if  a  Qow  cunbat. 
ents*  tion,  it.wiU  leave  the  oxigeiuzied  acid  in  a  gafeooc  flate.  aa.. 

carbonic  acid  gai*  which^   I  fuppoie,  was  tbe  cafe  in  Mr. 
Northmore'i  experiments.    His  next  experiment  of  examin- 
ing the  acid  :  He  comprefled  the  gafes  upon  two  fcruples  of 
the  folutioD  of  pota(h ;  he  fays^  "  (here  was  foarce  enough 
acidity  to  tinge  the  edge  of  iheteft  paper ;  of  courfe,  I  could 
not  effect,  the  formation  of  the  nitrate  of  polaflu"    Rut  always 
to  affign  fome  reafon  for  the  failure,  he  fays  "This  quantity 
(of  gafes)  was  hardly  fufiictent  for  the  receiver's  capacity (^ 
but  there  was  the  fame  quantity  in  (hix  experiment  as  in  the 
others;  nay,  in  the  next  experiment  (ihe  fixth)   there  was 
identically  the  fame  quantity  and  in  the  fame  proportions  {  and 
in  this  fifth  experiment)  he  found  fo  liltle  acid,  as  he  fiiys* 
**  Scarce  enough  acidity  to  tinge  the  edge  of  the  teft  paper; 
of  courfe  I  could  not  effect  (he  formation  of  the  nitrate  of 
potath.''     Now  upon  the  fuppofiiion  that  (he  carbonic  acid 
was  formed,  it  would  unite  with  (U*«$  po(afli,  and  tlierefore 
the  mixture  would  be  lefn  fa(ura(ed  with  i( :  But  if  tbe  acid 
was  fo  ftrong  as  he  fpeaks  of  in  (he  fixih  experiment,  from  the 
very  fame  procefs,  as  he  fays,  <*  Which  moillure  was  firongly 
acid  to  the  (afie,  coloured  lit  in  us,  and  when  very  mucb  di^ 
luted  with  water,  a£)ed  upon  filver."  Now  if  Mr.  Nor(hnore 
will  confuh  (he  writings  ot  rlieniifis,  (Dr.  Black's  ledures,  for 
inflance) ;  in  Vol.  11.   liie  dodor  fays,  '<  (hat  (he  nitric  add 
requires  a  liltle  water  to  reduce  it  to  ihc  flrengih  of  aqeafiir- 
tis;  in  order  to  aft  upon  tilver^  (iiereforei  in  (his  experimenfj 
the  acid  mull  have  b;ren  in  (lie  concent ru(ed  (la(e  of  (he  nitric, 
acidy  as  it  required  water  to  be  dilu(ed  to  make  it  a€t  upon 
diver;  but  probably  xMr.  N.  does  nut  know  that  water  im* 
pregnated  wi(h  hidrogen  gas  will  colour  iilver;  which  I  fup« 
pofo  (o  have  been  (he  cafe  liere. 

This  reafoning  mufl  appear  (o  be  mofl  extraordinary  :  this 
▼aft  quandly  of  nitric  acid  produced  was  even  to  penetrate 
into  the  cap  of  (he  receiver;  but  very  unror(una(cly  for  thia 
fuppofitiooi  chemifis  arc  of  opinion  (liat  acids  will  not  dif* 
Iblve  reiins.  Mr.  Halche(t  has  promoted  (heir  opera(ion  upon 
each  other  by  ufiog  the  ilrong  ni(ric  acid ;  but  tJiis  was  a  diffi* 
enlt  and  tedious  procefs,  not  daring  tht:  traniilory  adton  of  a 
little  timv^  by  comprcffion ;  and  where  tbe  refin  was  fo  con^ 

^ealcdi 
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celled;  fo  that  the  acid  could  not  get  toaAupooil^  being  Remarki  on 
placed  within  the  cap  of  the  receiver :  therefore  the  Tmall  ^'-  North- 

more  I  csMii* 
quantity  of  weak  acid  formed  in  Mr.  N.'s  experiment  could  nents. 

not  rationally  be  fuppofed  to  have  penetrated  to  iti  even  if  it 

was  in  a  high  concentrated  (late;  but  it  mufi  haye  been  iQUch 

diluted  with  water^  as  there  was  water  al(b  produced  in  this 

experiment:  Alfo,  if  it  was  in  tliis  high  concentrated  (late, 

and  in  that  abundance  as  to  enter  into  all  the  creviceiy  it 

would  eaiily  have  been  deteded,  and  his  fifth  experiment  was 

for  this  purpofe^  but  it  failed ;  he  could  find  no  nitrous  acid. 

In. experiment  the  fevcnth,  he  fuppofed  he  had  formed  am- 
raonia,  and  be  fays  in  this  very  experiment,  *'  Some  vapour 
was  generated^  which  wasi  as  ui'ual,  ilrongly  acid.''  Hour 
comes  it  that  this  acid,  which  was  fuppofed  to  find  out  tha 
refill,  fo  perfefily  concealed,  could  not  find  out  the  ammonia^ 
which  was  formed  along  with  it  in  the  procefs,  and  fo  univcr* 
lally  difperfed  as  to  form  white  clouds. 

The  third  experiment :  "  Two  pints  of  carbonic  acid  and 
two  of  hydrogen  was  fubjeded  to  condenfation.  The  refuU 
was  a  watery  vapour,  and  a  gas  of  rather  ofiTenfive  fmelL" 
This  compreifedgas  I  found  to  be  fimiiar  to  Mr.  Cruik(haoks'a 
gafcsous  oxide  of  carbon  from  the  acid  air  and  the  phlogiiiic 
air  faturating  each  othc;r, 

Mr.  Northmore  apologifcs  for  giving  thefe  experiments 
"  until  he  hail  brought  them  to  a  greater  degree  of  perfection," 
but  at  the  conclufiun  healfu  fays,  "  Bciides  the  abovei  I  have 
made  various  other  experiments  with  difierent  gafes,  &c." 
But  as  he  fays  nothing  more  of  thefe  impcrfc6t  experiments,  there 
are  no  hopes  of  his  correcling  them  ;  he  appears  to  have  ex- 
hauHed  his  refearch,  and  we  have  fcen  with  what  fuccef^. 
There  appears  fuch  an  ardcntdefirctofupportthe  Lavoifierian 
theory:  but  if  it  has,  always  failed  from  the  experiments  of 
Lavoifier  himfelf,  Mr.  Cavcndifli  and  others,  I  am  afraid  we 
have  little  to  exped  from  thefe  new  fupporters.  I  might  make 
many  other  obfervaiions,  but  thefe  will,  I  prefume,  be 
thought  enough. 

It  will  be  expeded  in  contradicting  Mr.  N.'s  experiments  Experimenu  o 
I  (hoald  make  fome  of  my  own ;  I  muft  own  my  apparatus  S^^fJ.,  *^ 
was  not  fo  good  as  bi^ ;  yet  I  hope  fufficient  to  prove  my 
-opinioat.    I  had  the  barrel  of  a  large  blunderbufs,  and  ftop- 
ped  its  priming  bole,  and  having  filled  it  either  with  fand  or 

difiilled 
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diftilled  water^  I  then  tied  to  itt  mouth  a  bladder  filled 
the  diflerent  gafes  I  wanted  to  compreft.     Upon  pboring  out 
the  land  or  water  into  the  bladder,  the  gafei  entered  the  bar- 
rels And  then  having  a  flrong  iron  ram-rod  made  perfefily 
air-tight,   it  was  forced   down  upon  the  gafes  by  a  long 
iron  lever,  by  which  means  I  was  capable  of  making  a  ftronger 
condenlation  than  reducing  them  to  one  fifth  of  the  volume. 
They  pve  oot   The  refults  of  thefe  experiments  were,  that  all  the  different 
heat  and  moift-  ggfd^  \^y  being  comprefled,  gave  out  heat  and  moifture :  The 
hydrogen  gas,  the  greated  proportion  of  moidure  to  its  fpe* 
Ot1|ea  andhj-^fic  gravity.     That  when  oxigen  and  hydrogen  gafes  were 
Jjya  gate       comprefled,   there  was  an  acid  which  produced  ilocculi  in 
lime  water ;  and  that  nitrogen  gas  was  not  neceflary  to  the 
produdion  of  the  acid,  but  rather  retarded   its  produdion. 
The  nitrogen  gas  obtained  by  the  nitric  acid  and  animal  Tub- 
fiances  ought  not  to  be  ufed  in  thefe  experiments,  as  it  is 
partly  acid  of  itfelf ;  but  the  nitrogen  of  the  atroofphere  oaght 
lo  be  made  ufe  of,   being  previouOy  pafled  throug!i    ^'me 
water. 

Mr*  Nicbolfon,  I  have  condenfed  this  communication  aa 
much  as  poflible,  in  order  that  it  might  not  occupy  too  much 
room  in  your  Journal.     I  am 

Your's,  &c. 

H.  B.  K. 
London,  February,  13,  1306. 


X. 

On  the  Confiru^lon  of  the  Sails  of  Ships  and  Vcjftls.    Btf  Ma  i- 
coLM  Cowan,  Ffq,  Captain  in  the  Hoyal  Nary. * 

Thefntsof        iT  appears  from  the  conflrudlion  of  Ihe  fails  of  (hips  and 

Aipt  bate  been   veflels,  belonging  to  every  nation,  that  it  is  a  fubjed  no  one 

i^iramtf^t.     ^•^  hitherto  taken  much  pains  to  inveftigate;  but  the  maritime 

world  have  been  content  to  ufe  them,  as  they  found  them^ 

every  one  following  the  beaten  track  of  his  predecelTors, 

without  examination. 

^  Extra^ed  from  an  eifay,  by  the  author,  who  has  letters  pa« 
tent  for  the  fsils« 

VM 
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SAILS    OF   SHIPS^  S[29  ' 

Tint  the  tails  of  fhips  have  been  hitherto  To  conftniAed  bj 
all  European-  nations,  fo  as  to  be  only  managed  with  great 
labour  and  dinger ;  and  that  when  managed  with  the  greateft 
(kill,  the/  are  very  fiir  from  being  of  that  utility  which  thej 
ought  to  poflefs,  and  are  capable  of  having,  is  incontefltble. 

Ships  are  driven  on  (hore  every  winter,  which  might,  with  ThtjmtworluA 
proper  fails,  have  efcaped  every  danger.  The  lofs  of  one  ^^  JiMimttl 
fail,  in  many  fituations,  is  followed  by  the  inevitable  lofs  of 
the  Qiip  and  crew.  Sails  are  oflen  fpjit  in  hauling  op  to 
reef,  and  it  may  be  neceffary  to  reef  a  fail  that  is  woroi  to 
prcferve  it  from  fplitting  ;  hence  the  necellity  of  the  fails  being 
confirufted.to  reef  without  darting  tack  or  fheet. 

Many  (liips  have  been  lo/l  by  not  having  time,  or  drift,  to 
haul  their  courfes  up,  to  reef  them  on  the  yard,  by  which 
they  rifk  their  fplitting  ;-a  circumftance  which  alone  muft  con- 
vince the  femmen  of  the  utility  of  having  faiU  that  can  be 
reeled  without  taking  their  effedl  off  the  (hip. 

Many  dangers  may  be  avoided,  by  carrying  fail  with  fafet  j 
fo  the  nia(h  and  yards.  A  fliip  can  carry  top  gallant  fails 
that  reef  at  the  foot,  with  fafety,  when  other  (hips  mud  furl 
theirs  ;  an  evident  advantage  in  many  fituations. 

The  top  tails  of  thips,  with  one  or  two  reefs  at  the  foot,  can  Advataiesof 
be  reefed  in  a  minute  by  one  feaman  at  each  lower  yard  arm,  ^efeTat'thT* 
while  they  remain  fet  with  the  top  gallant  fails  over  them,  by  foot  infteadof 
only   fettling   the   hallyards ;    by    which   a  tliip   in   fqually       ^"^ 
weather,  on  many  occafions,  would  have  a  great  advantage, 
particularly  in  chace,  &c.  or  when  caught  by  a  fudden  (hilt 
of  wind  on  a  lee  (hore,  or  obliged  to  haul  fuddenly  to  the 
wind  from  failing  large. 

The  facility  with  which  fails  that  reef  at  the  foot«  can  at  all 
times  be  managed,  would  enable  (hips  to  make  quicker  voy- 
ages and  prevent  them  often,  when  weakly  manned,  from 
detaining  fleets;  by  the  difficulty  and  danger  of  carrying 
fail,  being  entirely  remo%'ed,  mu (I  enable  merchant  Ihips  to 
be  navigated  with  fewer  hands,  which  would  be  a  confidcr- 
able  faving  of  expence,  and  a  great  advantage  in  time  of  war 
in  particular,  when  men  are  fo  fcarce. 

If  the  faiK  were  made  with  horizontal  cloths  and  feams,  Thefeamsoasht 

the  fails  would  (land  better,  particularly  in  a  gale  of  wind  ;  ^  ^  hwisoatal. 

as  the  flrongetl  diredlion  of  the  cloths  and  feams  would  be 

oppofcd  to  the  greatefi  force  of  the  windg  which  ads  horizon* 
»  tally  J 
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Uily ;  and  OiouM  the  fail  fpUt  io  that  diredion*  it  would  fiill 
remain  fulj,  and  be  Ms  liable  to  blow  away  altogether,  which 
it  generally  Ibe  cafe  when  a  bil  fpUts  in  a  vertical  dirediion. 
Storm  iiay  faiU  fet  purpofely  with  the  cloths  borizontaU  have 
proved  this  beyond  a  doubt. 

Many  feamen  are  loO  every  winter,  by  falling;  overboard 

from  the  yards  while  retting  the  fails  as  it  is  more  dangerous 

and  requires  longer  time  to  perForm  in  a  gale  of  wind,  than 

furling  the  fails,  which  is  not  fo  otien  neceliary  as  reefing. 

Other  adran.         Ships  may  fomeiimes  avoid  a  lee  (hon,  by  carrying  a  timely 

u jcs  from  !«!•   prcfs  of  fail,  and  when  in  that  perilous  iltuation^  in  a  gale  of 

iiu7^&c°    "*     wind,  the  falety  of  the  Hiip  may  folely  depend  on  the  fails 

being  kept  fet;  though  it  may  be  neceflary  to  redace  thtm, 

either  to  lave  them,    or  eafe  the  (liip.     The  common  fails 

require  to  be  hauled  up,  to  be  reefed,  at  the  rilk  of  fplttting 

themy  at  a  time  perliaps^  when  the  (liip  is  in  imminent  danger^ 

from  the  want  of  fea  roum  ;  and  the  bell  feamen  of  the  crew 

mud  be  fent  on  tl»e  yards  when  they  poflibly  may  be  mocb 

wanted  on  deck. 

Whole  fleets  are  often  caught  by  a  fudden  fliift  of  wind,  of 
a  lee  Ihore,  thrown  into  confufion,  and  obliged  immediately 
io  reef  their  fails,  at  the  fame  time  the  (hips  m^y  require  the 
whole  of  their  crews  on  deck,  to  attend  the  working  of  the 
fliip,  to  keep  clear  of  each  other;  particularly  when  it 
happens  in  the  night  time,  with  the  wind  fqually  and  vart* 
able. 

When  fliips  from  foreign   voyages,  enter  the  Eoglilb  or 

Irid)  channels,  in  the  winter  time,  when  the  days  are  fl)ort« 

and  the  nights  long,  with   weak  or  dil'abled  crews,  or  men 

not  accuflouied  to  cold  or  froll,  ludi  as  Lafcars,  Negroes*  &c. 

it  is  with  the  grealed  difficulty  they  can  be  prevailed  on  to 

go  aloft;  but  (hould  they  get  on  a  lee  fbore,  which  all  (liips 

are  liable  to,  and  with  a  kelplefs  crew,  nothing  can  exceed^ 

the  horror  of  their  (itualion,  Hiould  they  not  be  able  to  prov 

porticNi  tiieir  fail  to  the  wind  in  time  to  fave  the  (hip* 

Njv;d  impnive-       To  fikcilitate  the  working  of  ftiips,  by  the  mod  approved 

nicncs  are  of      means.  IS  an  objedl  of  greater  confequcnce  to  a  maritime 

aucaKDihifitSe.>tttion  than  many  are  aware  of,  even  in  a  commercial  point 

of  view.    The  little  alteration  that  has  been  made  in  (hippiog 

for  many  years  pad,  Qiews  with  what  indifference  atiMopta 

at  improvemeots  have  been  regarded|  many  of  which  faavp 
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.teen*tried«  proved,  aod  negleded^  while  others  have  failed 
fntrn  Ihe  unavoidable  expeoce«  neceflarily  attending  all  es^ 
periiDcnts  on  a  large  (cale.  which  require  repetitions  to  bring 
to  perfeftion;  or  from  partial  intereib  or  prvjudicesy  being 
oppoled  with  fuccefs  (which  not  nnfrequently  happens)  to 
improvements  of  general  advantage*  And  many  arc  apt  to 
fuppofe  that  particular  arts  and  fciences  are  brought  to  the 
biglied  degree  of  perfection  they  are  capable  of«  though  ex* 
perience  every  day  convinces  us  to  the  contrary.  . 

The  largeft  (hips  might  be  much  more  eafily  niavigatedy  if 
the  improvements  on  capfterns^  windlafles^  blocks  bawC^ 
hdles,  &c.  were  univer(ally  adopted  from  iht  great  tedu^on 
t}f  the  firidion. 

The  following  explanation  will  be  eafily  underftood  by 
ihoi'e  who  are  acquainted  with  the  conflrudion  of  a  lhip«  See 
Plate  VI. 

.    The  courfes  and  top  gallant  fails  are  to  be  reefed  from  the 
deck,  and  the  top  iaiU  by  one  man  at  each  lower  yard  arm. 

A.  The  after-part  of  the  fails.  Deicriptioa  of 

B.  A  ftrong  band  on  the  after»part  of  the  faili,  fewed  on  at  j^!^'*"^*^ 
the  upper  part  onlyj  and  roped  at  the  lower  part. 

C»  The  long  clfiws  of  the  courfe^  formed  by  the  bight  of 
the  leech  rope  and  rope  of  the  reef  band  with  thimbles,  iieized 
in  above  the  tack  blocksj  for  lafliing  the  lower  clews  to. 

D.  The  tacks  and  Oieeis  htted  to  the  upper  clews  of  the 
courfes  with  thimbles  above  the  tack  blocks. 

£•  The  buntlines,  brought  up  through  the  thimbles  H,  on 
the  loot  ropes  of  tlie  fails,  and  bent  to  the  cringles  I,  on  the 
ropes  of  the  reef  bands. 

t\  A  fmall  rope  or  gaiket,  rove,  occaGonally  as  a  reef  llne» 
through  eyelet  holes^  under  the  reef  bands,  and  made  fad  to 
the  middle  lail,  lor  confining  the  fail  when  reefed*  in  the 
wake  of  the  reef  bands. 

G.  Thimbles  in  the  clews  and  earings. 

K.  Thimbles  on  the  foot  rope  with  the  earings  rove  through 
Jthen* 

L.  The  reef  tackle  pendants,  pafling  through  IhinrfiiBf  in 
the  cWwt  and  leech  of  the  top-dul,  and  brought  up  and  btnt 
to  the  cringles  above  the  upper  reef  band. 

M.  A  boQiB  tackle  or  burton  hooked  to  the  reef  pendants. 

N.  The  croviufiMt  iegs  lo  the  top  gallant  baatUot. 
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N.  P.  The  reef  bands  are  fewed  by  (he  upper  fvf,  to 
-after  part  of  the  fails,  to  prevent  the  rope  from  girtiiig  flij 
fails,  M-hen  the  whofe  fail  i<  fet. 

The  rope  of  the  retf  band  of  the  coarfe,  is  (he  bme  fiA 
-as  the  common  foot  rope,  and  flic  fool  rope  mafi  be  io  pfi^ 
portion  to  the  rate  of  the  fhip :  for  the  firft  rales,  3{i « 
4  inch;  fecond  rates  3{;  third  rates,  3  inch  rope:  u  til 
quantity  of  fail  below  the  reef  band  does  not  require  b  ttnog 
d  foot  rope,  as  when  the  whole  fail  depended  on  it. 

The  rope  of  the  reef  bands  of  the  top  fails*  (hoald  fa» 
fmaller  than  the  leech  ropes,  as  the  foot  of  the  (ail  will  he 
confiderably  ftrengthened,  when  reefed, 

Thefe  fails  are  not  fo  heavy  as  the  common  ones;  a74f 
gun  tliipN  courfe  is  reduced  in  weight  about  200lbs.asthe 
points,  bands,  and  eyelet  holes  of  the  old  reefs  are  not  re- 
quired, nur  any  additional  geer. 

Men  of  war  will  find  one  reef  at  the  foot  of  the  top  ftibi 
very  ufeful  in  chace  in  fqually  weather,  or  when  oblig^  Io 
haul  fuddenly  on  a  wind,  &c« 

Merchant  fliips  will  only  require  two  reefs  in  the  (op  bSkg 
as  the  fquarcfl  part  of  the  fail  is  taken  off,  by^reefing  at  the 
foot  inliead  of  the  head,  but  more  reefs  may  be  added  if 
neceflary. 

When  the  courfes  are  to  be  reefed,  caft  off  the  lower  cfevrii 
reeling  and        '^^^  ^^^  thimbles  in  the  upper  clews,  haul  up  the  flack  (a3 
^etrint^  the         by  the  buntlines.  and  haul  tort  the  rtef  line,  one  part  at  a 
time,  from  the  middle  of  the  fail,   towards  the  clewt,  and 
make  it  fail  round  the  upper  clews,  fo  as  to  confine  the  iowe( 
clews. 

To  fet  the  fail,  reeve  a  few  turns  of  tlie  lafhing  for  the 
clews,  and  haul  them  down,  overhauling  the  reef  line,  and 
buntlines. 

To  reef  the  top  fails,  fend  a  man  up  to  each  lower  yaid 
arm,  fettle  the  hallyards,  and  haul  the  fail  down  by  the  reef 
tackles,  and  pafs  the  turns  of  the  earings,  through  the 
thimbles  in  the  earing  cringles,  and  on  the  foot  of  theiope^ 
and  make  them  fa(l.  Hoift  the  fail  tort  up,  hanl  through  the 
flack  of  the  buntbnes,  and  haul  tort  the  reef  lines  on  each 
fide  towards  the  clews^  and  make  fafi. 

The  top  gallant  fails  are  reefed  from  the  deck>  by  the  dew 
lines,  aad  a  Angle  bantiioe  with  a  crow-fotit. 

Tho 
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The  bintlinet  and  reef  line  will  confine  the  (lack  far?, 
vrhen. reefed,  clofe  up  the  wake  of  Ihe  reef  bauds;  and  tlie 
bantlines  will  only  require  to  be  kept  hand  tort,  as  is  ufual, 
Co  prevent  them  from  chafing  the  fail. 

The  (lack  (ail  of  the  roof  of  the  top  fail,  will  be  kept 
extended  tort  acroft  the  foot,  by  the  reef  pendants  pafSng 
through  cringles  in  the  leech. 

The  endft  of  the  clewlines  may  likewifc  pafs  through  cringles, 
in  the  leech  of  the  top  gallant  (ails  if  neceflbry. 

The  reef  lines,  if  necedary,  may  be  in  feparate  piecesi 
made  fad  in  the  middle  and  quarters  of  the  fail. 


XL 

EjperiiHents  oa  condtnfid  Gajis.    Bif  T.  No  k  t  h  m  o  a  e  , 

To  Mr.  NICHOLSON, 
SIR, 

1  NOW  take  the  fiberty  of  prefentmg  you  with  a  con- Exp«rinKnti  m 
liouation  of  my  experiments  upon  the  condenfation  of  the  ^^ 

gafeti  but  firft  beg  leave  to  make  one  obfervation,  viz*  that 
the  quantity  of  gas  faid  to  be  inje^ed  in  each  experiment^ 
cannot  (particularly  in  the  preceding  article)  always  be 
depended  upon  ;  for  iu  tendency  to  efcape  is  (b  cooftant  and 
powerful,  as  frequently  to  elude  every  effort  of  mine  to 
prevent  it,  and  if  it  can  find  no  other  exit^  it  will  fometimes 
efcape  by  the  fide  of  tbe«pifton  of  the  forcing  pump,  in  the 
preceding  experiments  1  have  endeavoured  as  much  as  po(fibIe 
to  obviate  this  evil,  but  not  always  with  the  faccefs  that  I 
oottid  wiOi. 

Repeating  the  eighth  experiment  mentioned  in  my  former  Nitrogen  con- 
letter,  (fee  Vol.   Xll.  p.  372-S  )  via.  the  condenfktioo  oi^^^^^ 
nitrogen  upon  lime*,  in  order  to  difcover  the  caufe  of  the  nitrate. 
lo(t  of  Gobur  in  the  nitrogen,  I  perceived  ihat  this  arofe  from 
its  fixation,  and  a  nitrate  of  lime  was  the  refuit.    This  ex- 
periment, on  account  of  the  elafticity  of  nitrogea  previous 
to  its  change  of  habitude,  requires  f9me  caution ;  for  one 
ef  my  beft  receivers,  three-eighlhs  cf  an  inch  thick,   was 

'  Your  marginal  note  fays  erronoeufly  li^e'ivatcr.. 

(hivered 
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Nitrogen  and 
gaieoui  oxide  of 
carbon  con- 
denfed,  gave 
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cributed  to 
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Attempt  to  fire 
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«Ba4en(rdar« 


Oxigtnated 
mnriatic  acid 
gas  gave  a 
yellow  and 
highly  volatile 
fluid  by  cooden 
iation. 
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fhivered  in  pieces  with  a  violent  explofion^  after  I  had  fet  it 
afide  to  fee  the  effcQ,  of  time  upon  the  compreflM  gas. 

Erp&riment  9.     Upwards  of  a  pint  of  nitrogen  was 
denfcd,  and  upon  this  I  pumped  one  pint  of  gareoatoilll 
of  carbon.     The  colour    of   the  nitrogen  was   deOny^t- 
nitrous  acid  was  formed ;  atid  upon  colleding  tlie  KWrMi' 
gafeous  oxide,  it  burnt  not  unlike  alcohol.     The  Iviro  pfti 
together  were  at  firft  highly  elafiic- 

From  the  facility  with  which  nitrogen  becomei  ttniial 
and  fixed  in  various  bodies,  and  from  its  expan6vd  Aici 
when  liberated  from  that  (late,  I  know  not  whether  I  ail 
fudiciently  warranted  in  fuggefling  an  opinion,  that  the 
cxplofivc  force  of  various  compounds  may  in  a  great  mealate 
be  attributed  to  tlie  fudden  liberation  of  this  fixed  gas.  To 
this  caufe  I  partly  attribute  the  fulminating  filver  of  Berthonet; 
(he  fulminating  gold,  and  varinns  nitrates;  and  the  deto- 
nation which  accompanies  the  decompotition  of  ammdnbc 
by  oxigpnated  muriatic  acid  gas. 

Exp,  10.  Having  been  unfaccefsful  in  my  endeavours  lo 
inflame  phofphorus  by  the  compredion  of  atmofpheric  aVi 
(fee  Erp,  4.)  I  now  tried  oxigen,  but  with  little  betferelM. 
The  phofphorus  appeared  to  be  fomewhat  dtlcolooi^»  aild 
-I  thought  had  a  tendency  to  liquify,  as  it  does  wfaeA  pat 
upon  a  heated  plate  of  iron.  Indeed  I  have  no  doobt  that 
fofne  heat  is  generated  by  the  condenfation  of  air,  iince  the 
thermometer  rifes  upon  external  application  to  the  receii^. 

Exp.  ]  I .  Upon  I  he  Comprcfllion  of  nearly  two  ^nls  o( 
oxigenated  muriatic  acid  gas  in  a  receiver  two  and  a  qoarter 
cubic  inches  capacity,  it  fpeedily  became  converted  into  a 
yellow  Jlttid,  of  fuel)  extreme  volatility  under  the  coriUBOli 
'  preffure  of  the  atmofpherc,  that  it  inflantly  evaporates  open 
opening  the  fcrew  of  the  receiver.  I  need  not  add,  that  this 
fluid,  fo  highly  concentrated,  is  of  a  mofl  infupporlaUe 
pungency.  When  atmofpheric  air  was  pumped  into  the 
empty  receiver,  it  was  fpeedily  filled  with  denfe  white  fumes. 
There  was  a  trifling  refiduc  of  a  yellowish  fubftance  lefk  after 
the  evaporation,  which  probably  arofc  from  a  fmall  portion  oi 
the  oil  and  greafe  ufed  in  the  machine,  mixed  with  fbmc 
of  the  concentrated  gas ;  it  yielded  to  fulphuric  ether,  and 
defiroyed  vegetable  colours. 

This 


_  • 

Tfait  gfts  is  very  injurious  to  the  machine^  and  on  that  ac-^ 
count  difficult  to  work. 

Bxp.  12.     Upon  half  a  pint  of  oxigen  was  mje6led  one  OKi^renatH  mu- 
pint  of  OMgenated  muriatic  acfd  gas.      The  rcfult  was  a  o^'l^j^iT^orfli 
thicker  fubfbncc  which  did  not  fo  foon  evaporate,   and  a  a  thicker  fluid. 
Yeilowiih  mafs  was  left  behind. 

■  Exp,  13.  Upon  half  a  pint  of  nitrogen  was  injeded  one  Oxigemtrd  mv- 
pintofoxy-muriaticga*.  The  re  fult  was  a  ft  ill  thicker  fi«b- ^J'^y^'; ''^ 
llance,  and  the  yellow  colour  deeper,  nor  did  it  appear  to 
^Si  fo  powerftilly  upon  vegetable  colours.  Much  of  the 
greafe  of  the  machine  was  carried  down  in  both  thefq  lad 
experiments,  which  tormed  part  of  the  yellow  refidue,  and 
yielded  only  to  ether. 

Exp.  1 4.  Having  conHenfed  about  a  pint  of  carbonic  acid^  Receiver  burft» 
the  receiver  very  unexpededly  burft  with  violence.  Thia""^'^ 
circumftahce  I  attribute  to  the  vicinity  of  the  furnace,  and 
I  tuention  it  to  guard  pthers  againf)  Handing  too  near  a  (ire  in 
thcfe  experiments ;  nor  perhaps  may  it  be  nfelefs  to  add 
another-  precaution^  that  of  ufing  goggles,  or  at  leaft  a  thick 
plate  of  glafs  when  examining  the  refults. 

'    I  new  took  a  new  receiver  of  three  cubic  inches  of  capn-  Caiboaic  •cV, 
dlyi  and  t>amped  in  one  pint  of  carbonic  acid«  and  opOQ  ^f^^'^^^'N 
-this  rather  more  than  a  pint  of  osigemited  muriatic  acid  gas. 

The  union  produced  a  light  fap-green  colour,  but  no  fluids 
Ihough  as  ufual  the  oil  of  the  machine  had  retained  enough 
efficacy  to  deflroy  vegetable  colours. 

Exp.  U.    Upon  rather  more  than  a  pint  of  hidrogeUi  which  Oxigenated  ir.c- 
was  highly  elattic,  were  compreffed  two  pints  of  the  oxige*  on'^rofca.** 
nated  muriatic  gas.     The  refult  was  a  light  yellow-green 
colour,  and  no  ffoid.    Some  fmokc  or  vapour  feeroed  to  ifliie 
out  of  the  receiver  upon  turaing  the  fcrew,  and  the  gas  was 
highly  defiruclive  of  colouring  matter* 

Exp.  1 6.     t  now  proceeded  io  the  muriatic  aeid  gas,  and  Muriatic  acid 
upon  the  condenfation  of  a  fnuli  quantity  of  it,  a  beautiful  J*^/*^*^y  "*** 
green  coloured  fubflance  adhered  to  the  fide  of  the  receiver,  ^entatiwn.  ' 
which  bad  all  the  qualities  of  muriatic  acid  ;  but  upon  a  large 
quantity,  four   pints,     being   condenfed,    the  refult  was  a 
yellowitb-grcen  glutinous  fubftance^  whicli  does  not  e%*apo« 
rmte,  but  is  inflantly  abforbcd  by  a  few  drops  of  water  ;  it  is 
of  a  highly  pungent   quality,  being  the  eflencc  of  muriatic 
acid.     As  this  gas  eafily  becomes  fluid,  Ihcrc  is  little  or  r.o 

elad  icily 
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eIafiSci(y»  fo  Ibat  any  quantity  may  be  oondenred  witlml 
danger.  My  method  of  colledling  this»  and  oCJaer  gdli 
which  are  abbrbable  by  water»  is  by  means  of  an  nchaafad 
florencc  fialk  (and  in  fome  cafes  an  empty  bladder)  conneM 
by  a  ftop-coclc  with  the  extremity  of  the  retort. 

An  idea  here  occurs  to  me»  that  the  facility  of  fintiM 
which  is  the  property  of  the  comprefled  muriatic,  oxy-marialic» 
and  I'ome  other  gafei^  may  be  made  of  fome  utility  to  Ibe 
arts,  (ince  by  previoully  pouring  in  a  little  water«  or  odier 
fluid  into  the  receiver,  an  acid  may  be  obtained  of  almoft  aaj 
degree  of  concentration, 
Stttphurtout  Exp.  17.     Having  collcded  about  a  pint  and  a  half  of 

dw»fc?br*^f.  ^"*P*'"''^"«  *c*^  g*-**'  ^  proceeded  to  condenfe  it  in  the  thcee 

fuse.  cubic  inch  receiver,  but  after  a  very  few  pumps  the  fiNdng 

^         piAon  became  immoveable,  being  completely  choked  by  dke 

operation  of  the  gas.     A  fuf&cient  quantity  however  hid 

been  comprefled  to  form  vapour,  and  a  thick  (limy  flotd  of  a 

dark  yellow  colour  began  to  trickle  down  the  fidei  of  the 

receiver,  which  immediately  evaporated  with  the  moft  fof- 

focating  odour  upon  the  removal  of  the  prefliire.    This  ex- 

.  periment  corroborates  the  affirmation  of  Monge  and  Clpnet* 

mentioned  in  Accum's  chemidry,  vol.  L  p.  3 Id.  visi  that 

<*  by  extreme  artificial  cold,  and  a  ftrong  prefliire  exerted  at 

the  fame  time,   tliey  rendered  fulphureous  acid  gas  fluid. 

From  the  injury  which  this  gas .  does  to  the  machine,  it  will 

be  very  difficult  to  perform  any  experiments  upon  its  eledive 

attradioDS  with  the  other  gafes. 

I  remain.  Sir, 

■ 

Your  obedient  humble  Servant,  , 

T.  NORTHMORE. 

DevoTi/hirt  Street,  Portland  Place, 
Feb.  15.  1806. 


On 

) 
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^      O^MtokakiHty  (te  Muiitiic  Acid  u  compo/hd  tf  OngcM  and 
^  Hidfogen.     /««  Lnur  from  Mr.  J.  Mabtiv.  j 

"^  To  Mr.  NICHOLSON. 

LiATE  experiments  in  galvanirui  h^ve  furniOied  fufficren^  Pa£b  indooec 
fRMdi  to  fiirpea,   that  the  muriatic  acid  is  an  oxide  of ^J^**'** 
Atdnogen,  and  I  have  been  fohiewhat  Hrengthened  tfi  thii'inariaticKid 
f^ppofitioD  by  the  well  known  h6tt  that  hidrogen   gai  iiyy  **^«»Q« 
alwap  libenled  op<)n  effeding  a'  fdlution  of  tin  in  muriatic     ^^*"'' 
icid :  tins  pbenonenon  bat  been  accounted  for,  hj  fuppofing 
the  «Ntler  wlMi  held  the  muriatic  acid  in  folution  to  be 
decompDMi  Hs  oxigen  feizing  the  metal  which   thereby 
became  dHpofed   to  be  taken  up  by  the  acid  and  the  hidro* 
geoy  tbe  other  conftituent  part  of  the  water  being  liberated 
vmler  tbe  (bnn  of  ga^ :    however  plaulible  this  hypothefis 
mjfht  feaa,  I  did  not  think  it  perfedly  fatisfindory^  for  if 
tbe  acid  oonfifted  of  oxigen  and  hidrogen,  part  of  the  oxtgen 
fflijgfat  nnite  to  the  melal  to  render  it  fit  to  be  diflfolved  by  the 
rcBaifrinf  acid,  and  its  hidrogen  of  conrfe  given  out  under 
the  gdisoas  ferm,  iri  this  cafe  no  decompofition  of  the  water 
wotitd  (Ae  ]llace,  or  at  leaft  thefe  phenomena  might  happen 
frithoot   that  decompoiition^     To  clear  op  thefe  doubts  I  Experimene. 
pracorod  an  earthem  tube  into  which  was  introduced  ibrae  **"'j??^  "^'^ . 
iron  wire;  the  tube  was  made  to  traverte  a  furnace;  to  theftooiilccripctti 
one  end  was  luted  a  bent  tube,  brought  under  the  flielf  of  ^^J^^^^ 
pneumatic  trough,  and  to  the  other  was  adapted  a  tubulated  waspi^ m 
retort,  containing  fome  muriate  of  foda  carefully  freed  from  ignited  iron. 
its  water  of  cryftallization     When  I  fuppofed  the  iron  •^ire  JUJ^JgJ  "^ 
was  fufficiently  ignited,  I  afiufed  fome  denfe  fulphuric  acid 
over  the  muriate  of  foda ;   as  foon  as  the  atroofpheric  air 
which  the  veflel  contained  was  nearly  expelled,  hidrogen  g^s 
was  lil>l!^  ted  from  the  other  extremity  of  the  tube  in  con- 
fiderable  quantities,  mixed  however  with  a  fmall  portion  of 
mori^tic  acid  gas;  after  ^e  operation  had  been  fuffe^  to  go 
on   fome    time,    the  apparatus  was  taken  to  pieces,   and 
cryftaJs  of  muriate  of  iron  were  found  in   the  tube.    May 
Vol.  XIII— Makcb,  1806.  S  wo 
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It  ii  iBfemd      we  not  from  (his  experimeat  be  fuflkientlj  autbofiaBd  tr 
^^"^    conclude,   that  muriatic   acid  h  coropofed  of  oxigen  wd 
liidrogen,  and  that  hidrogen  gas  is  liberated  in  oonfcqmu 
of  part  of  the  oxtgen  of  the  acid  oniting  to  tbo  tbaui  k^ 
predifpofe  it  to  unite  to  the  remaining  acid  ? 

It  is  to  be  remarked^  that  the  hidrogen  gat  wat  llbenled 
in  fuch  abundance  ai  to  do  away  every  idea»  that  it  nq^ 
proceed  from  any  water  which  the  gas  aocidently  hdd  in 
■     lolation. 

Should  you  deem  thefe  obCsrvations  of  fufficient  valae^ 
an  infertioQ  of  them  in  your  valuable  journal  will  fccidj 
oblige. 

Sir, 

Your  moft  obedient, 

and  moft  humUe  SerfMly 

J.  MARTIN. 

Crtmn-Court,  Old  Br ( ad  Street, 
Fehrmry  120,  1806. 


Xllf. 

Subfiance  <\f  a  Memoir  read  brfore  the  Socieijf  9f  EmmManp 
at  Affuentf  bif  Meffm^  Reynaad  and  Facckika,  on  An 
Jovl  4iT  qf  Oil  Cifierns  \ 

Ft!«Uftaiaf  M«  ACHILLE    POULAIN,     foap-maker   at    Amiens, 

anoUciten.    ^"^  ^^^  ^^  ^''  workmen  having  been  killed  by  the  fool  air 

>  of  an  oil  ciftern,  into  which  the  latter  had  fallen  in  an  attempt 

to  cleanfe  it,  and  the  former  in  endeavouring  to  fave  the 
I  rQ9fi'i  life,  MeiTrs.  Reynard  and  Facquer  were  induced  lo 

make  an  analyfli  of  the  deleterious  vapour  which  had  caufed 

this  melancholy  accident. 
Dimeniont  of        The  ciftern  meafured  about  twelve  feet  in  every  direfiioR. 
thtciftem.        j^  mouth  id  fccured  with  a  fmall  cover  which  c^pletely 

excludes  the  external  air. 
A^earmcc  of       The, vegetable  oil,  of  which  only  a  fmall  quantity  at  a  time 
Ike  oU.  ||2i)  been  depofited  in  this  ciflem,  w'as  thick,  vifcid,  and  even 

in  feme  places  gelatinous,  yielding  a  ftrong  rancid  efflavium. 

^^.  *  Annales  dt  Ckimic,  Vol*  LVL 

A  lighted 


f 
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candle  on  being  let  down  into  the  ciftern^  was 
hhadf  extinguiOied. 

He  filrface  of  lime-water,    when  included   for  a  few 
IMhIb  n  a  broad  veflfel,  was  flightly  tinged  with  prifmatic 

To  obtain  the  gas  for  experiments«  bottles  filled  with  water 
VCR  lowered   into    the  ^cifierns,   and  emptied  at  various 

Qd  ihe  gas  obtained  from  about  two  feet  below  the  month  OhSundm 

sf  Ik  dAerDi  the  following  experiments  were  tried :  *"* 

U  A  cjrliadrical  veffel  being  filled  with  the  gas,  kept  m 

contoA  with  lime-water,  during  fifteen  days,  with  frequent 

fiiskiog,  canfed  a  fmail  diminution  in  the  bulk  of  the  gas. 
i         2.  The  lame  experiment  repeated  with  ammoniac  oflTered 
afiailBr  icUl. 

Tfaeb  two  experiments  denote  the  prefenoe  of  carbonic 
acid  gas. 

3.  The  gas  remaining  from  Ihe  two  former  experiments, 
when  put  in  contaQ  with  liquid  hj^drogenated  fulphuret  of 
pofaA,  underwent  an  abforption  of  eight  centimei  |  which 
mnft  have  been  oxigen. 

The  fas  taken  widiin  a  foot  of  the  bottom  of  the  ciftem  ItcontwMd 
afibrded  fimihr  refults,  only  the  proportion  of  carbonic  acid  ^''^^'"^  f^ 
gat  waa  greater.    Tint  whidi  remidned  after  the  efleA  of 
VMgeiitf  was  asoltf,  as  the  following  phenomena  prove. 

!•  A  lighted  candle  was  extingoiftied  by  immerfion  in  the 
gU  ut  the  upper  part  of  the  cylindric  veflel ;  but  it  remain- 
ed iMming  if  the  veflei  was  previoufly  opened  for  a  few 
facoods. 

2.  The  veflel  when  reverfed  loft  none  of  the  gas  contained 
in  it ;  and  the  light  was  extinguiftied  when  introduced. 

3m  The  luminous  combuftion  of  phofphorus  in  oxigen  gas 
ttfae  finrmation  of  nitric  acid  with  this  gas  and  oxigen  gas  not 
faavii^  been  tried)  ,was  confidered  a  pofitive  proof  of  its 
atore. 

This  noxious  gas  was  found  to  contain. 

Upper  Fart,  Lower  Part,            AadyAi. 

Aaoticgas       .       •  86  Aaoticgas      -        •        90 

Oxigeoated  gas    .  -8  Oxigeoaied  gas    -  -    6 

Carbonic  acid  gas    -  6  Carbonic  acid  gas    -        14 

100  100 
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Chemical  ^^  tiaiure  tf  Ihls  gai  docs  tiot  admit  of  porifictficld  bf 

•gency  infufii.    \\„^  ^  ammonia.    Thefe  indeed  defiroy  the  csdMie  ttU, 

cient  to  deftroy   *    ^  ...  *  .  ' 

the  fool  air.       Dut  have  no  mtlucnce  on  the  a20(^. 

Mechanical  Mechani(ial  means  are  (he  only  melhodr  bj- which  any  eon^ 

vieant  more ef-  fiderable  quantity  of  this  air  can  be  fpeedily  removed;  fwb 
^^^  as  the  firing  of  gun-powder,  the  afe  of  veblihitors,  &C. 

1>eftniaiTe  ef-  The  refuft  of  ihh  adatyfts  U  rather  furprifing;  as^  infldd  tff 
^^^aAiU^^ a  foperabundan^e  of  carbonic  acid  gas,  which  was  fopfpdU 
the  prefai^  of  to  be  the  caufe  of  the  deftrudive  effeds  of  Ibis  oonfitoiAl'air, 
uotic  gu.  aasotic  gas  has  been  found— a  gas  lighter  than  aftm^Tpbeifc  atr. 
Thftorj.  The  theory  of  this  refult  feems  to  be,  that  tfa6  oil  having 

'  deprived  the  ^nclofed  air  of  its  oxigen,  leaves  only  tbc  aisotic 

.  gas  at  liberty. 

XIV. 

Exiru&from  a  Memoir ^  hy  Mejfrs,  FouacROV  and  Vavqvb- 
LiN|  OH  the  Plimomem  ab/ervcdin,  and  the  Rrfuk*  oUahud 
from  Jnimal  Mutter,  vihen  aSfed  upon  by  Nitric  Acid,    tfHd 
at  the  Nutional  Jt^itute,  /»^  A.  L a  u  gi  e  a  .* 

Berthollef  s  X  HE  exifleoce  of  asote  in  animal  fubliances  has  been  de- 

czpcr'imenu  on  termiocd  by  the  experiments  of  M.  Berlhollet,  and  thedifet!- 

gagement  of  (his  principle,  when  treated  with  nitric  acid»  is 

«moag  (he  most  ufeful  of  nxKiern  difcoveries  in  chemiUry. 
•^repeated.  MelTrs.  Fourcroy  and  Vauquelin,  on  rcfpeating  thefe  cxpe« 

riments  on  mufcular  fibre,  have  added  fome  interefling  reruit; 

to  this  valuable  fiift. 
The  following  is  a  fummary  of  tlieir  experiments,  and  of 

Che  refuUs  which  they  obtained. 
Kicrout acid  with     Sect.  I.    A  mixture  of  ISO*  grammes  of  mafcular  flefli^ 
murcolar  flelh     ^ith  an  equal  quantity  of  nitric  acid,  at  32  degrees,  and  water, 
toant  carbonic     P^^  ^^^^  ^  mattrafs,  and  heated  till  it  boiled  gently,  gave  9^ 
•cjd.  cubic  inches  of  gas,  containing  nine-tenths  of  a^ote,  aodLode* 

tenth  of  carbonic  acid. 
The  reiiaanm         The  refiduQm  coniilled  of,  t.  Matter  ^whifch  had  lioC  loft  its 
^J^'^^^^^^originM  fibrous  fbr^^  2,ayeUowt(b  liquor;  S,  a  greafy 

liquor/ and  a    '  fubflance,  of  a  ydlow  cofour,  iVhici)  floated  on  \ht  fisr&c*  of 
p«afyfubftaiic«.ihc  liquor. 

♦  Annales  tU  Chinutf  Vol.  LVL  p.  J7. 

After 


\|         Ater fiqMuaUng  the  greafe^  s^nd  fiUring  thaJiqupr,  (bore- 

I      JtiiwwisftibiniUed  to  the  following  ezperimeBts. 

^  i         To  boilii^  water  it  gave  a  y dlow  colour^  and  tlie  propertj 

*?       of/fiddeaiDg  vegetable  blu<;s:  After  wafliing  in  feveral  wa^ 

I        foi,  it  caatinued  to  turn  the  cx>Iour,  though  it  ceafed  to  giv^ 

jdditf.    Waibing  rendered  lis  colour  deeper  than  at  firft ; 

4nd  miieo  di^ufed  in  a  little  water,  it  ftlll  reddened  paper  ^ 

lis  folutian  in  alcalis  was  of  a  deep  blood  colour.     U  was 

predpilated  hy  acids  in  yellow  flakes. 

Till*  owtler  feels  tat  and  pilchy ;  has  a  rancid  fmcll,  and  The  £bioiis 

wy  bitter  Ufte.  ^^  »«W«* 

The  fuiiOQ  and  fwcJIing  which  it  undergoes  when  placed  on 

Aul  oaalfl,  llie  greafy  vapour^  and  felid  colours  produced  by 

(his  operation;   the  fmall  quantity  of  coal  which  it  leaves, 

ihevrt  its  refemblance  to  f^t  fubftauces,  notwithflanding  its 

Acidily. 

Svcr.  2.     On  a  clofer  inv^ftigation  of  the  yellow  matter, 

tbe  /oUofi'ing  cbaradleriflics  and  properties  were  obferved : 

It  lb  laluraled  alcalis  as  nearly  to  mafk  their  properties«--f>  jt  fitnntcs 

2ii  coinhiQatioiis  with  potaih  and  ammonia  lathered  like  foapaOufis, 

•iod  wafer,  and  are  not  decompofcd  by  carbonic  acid,  but 

precipitated  the  folutions  of  mercury  and  lead  in  yellowifb 

wliite  flakes. 

Tbe  jrellow  matter  decompofed  alcaline  carbonates,  in  the  Decompoies  cs 

coldf  with  effervescence,  and  likewife  the  acetate  of  potafb,  ^'^^* 

wjlh  the  aflifiance  of  water,  and  a  gentle  heat. 

The  authors  of  the  memoir  next  made  u(b  of  alcohol,  and  hU* yellow 

found  that  the  yellow  matter  was  compofed  of  a  fmall  quan-  ^j^^  ^^ 

tjtjr  of  fat,  which  was  taken  up  by  tbe  Aohol ;  and  of  an 

acid,  v%'fakb,   on  account  ok'  its  colour,   they  denominated 

" yeUuw acid"    This  acid,  when  deprived  of  its  fat,  wluch 

occafions  an  alteration  in  its  properties,  was  of  a  deeper  co* 

loar,  aore  readily  reddened  the  paper  of  turnfol,  did  not 

melt  in  tlie  (une  manner  as  before,  nor  exhale  the  fame  rancid 

imellf  bat  fetid  and  ammoniacal  vapours. 

The  yellow  acid  is  dilFolved  in  the  fat,  to  which  it  com*  Tkt  jtUom  lU 

aMiiucBted  acsdity  and  rancidnefs.     It  combined  with  ammo-  ^^*!^  *^ 

nia,  and  deprived  it  of  its  fmell ;  and  by  diftillation  it  yielded  Ikftbgoir  asotc 

all  the  prodttds  of  animal  fubflances.    Its  conllituent  princi- ^y^'^K^  ^^* 

.  boa  taa  vnwt 

pies,  therefore,  are  aasotei,  hydrogen,  carbon,  and  oxigen ;  and 

ft  mull  be  placed  arnong  animal  acids. 

Stct, 3. 
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ANtHAt   MATTKR. 

"  '  SbcT.  3.  Tlie  combination  oryellow  acidand  filtfOrtV 
again  rubmilted  lo  the  aftion  of  nitric  acid,  at  a  temperalura 
of  aboul  50  degrees,  underwent  no  remarkable  alteration.-- 
Tls  colour  cliangeri  from  yellow  to  while ;  iti  fpecific  g 
Wai  diminiChed,  ai  was  lilcewire  tl«  bulk  ;  but  wilboi]t4 
■notion  or  clfcrvercence  In  the  acid.  Blite  coWil  4 
tfe«p1y  leddened  by  it ;  it  ditToIved,  ai  before, 
potalb.  li^  which  i(  eommunicaled  an  orange'rcd  colonr,  asj 
had  an  extremely  acrid  tajte.  The  aftion  of  nitric  acid  apon 
this  yellow  roaiier  fee  mi  confined  lo  giving  it  properties  w 
make  it  approximate  to  an  oily  flate,  without  deflroyiq 
origtnal  acid  ciiarafter. 
B  Sect.  4.  Il  was  of  importance  Uial  the  nilric  acid  4 
which  the  mufcular  fledi  had  bet-n  decompofed,  fhoutd  bev 
amined.  Ilxyelluw  colour  refembled  that  of  the  folulion  of 
chremaie  of  potafh.  When  faluraled  with  carbonate  of  poU 
a(1i,  the  liquor  at  lirft  acquired  an  orange  colour,  afierwardi 
it  became  turbid,  and  depofiled  a  froall  quantity  of  orange* 
red  powder.  On  diflitlation,  this  mrxlure  afforded  a  clear 
liquid,  void  of  colour,  of  a  rancid  fmell,  containing  a  little 
•mmonil,  probably  funned  by  the  nitric  acid.  What  remained 
in  the  relorl,  wat  of  a  btackith  brown  colour,  but  i(  was  not 
hrther  ex&oiined. 

A  colourlefj  liquor,  having  (he  fame  fafle  and  fmell,  wn 
afterwards  obtained  by  diflitlation  of  another  portion  of  (he 
nilric  scid  ufcd  in  Ihc  dccompofilion  of  the  mufcular  flefb. 
The  liquor  remaining  in  Ihe  relorl  became  yellow  by  conc«it> 
tmtion,  and  its  re-a£lion  upon  nitric  acid  wat  quickly  per- 
ceived in  a  copious  emilTion  of  red  vaprnirs.  When  rcaluced 
to  4D  grammes,  Irallifh  cryflals  were  formed  in  a  thick  mother- 
water,  whofe  lenacily  was  fimitu  to  that  of  the  folmion  ot 
feum. 

This  molher-wafcr  poiTefTed  an  acid  biller  lafte,  and  on 
tbe  addition  of  a  little  cauHir  potafh,  became  of  a  blood-nt) 
colour:  mixed  with  alcohol,  it  depofited  a  while  flaky  fedt* 
rosnt,  which  afterward*  formed  ilfcll  tnlefinefemi-tranfparenl 
grainsi  uf  a  pleafant  acid  (iaiour. 

Five  (lecigraromn  of  this  fall,  on  being  cslrined,  left  91 
centigrammes  of  y  l]'>wi(h  very  light  rc^ditum,  which  effer- 
vefccd  and  wi're  riiiTotved  in  nilric  acid,  and  on  being  evspo- 
rsifd  produced  cryOals   of  fulphale  of  lime  and  ntlraie  of 

Ttivv 


.'  ThU  Uhm  |ireci|NUI«»  obtstiMd:  hy  memt  of  aloDM* 
VIS  aibtrtmitted  to  be  a  mixtore  of  fulpfatto  of  lime  and  idd* 
uioufl  oxslsie  of  potoflu 

.  The  mothdr-water»  afber  predpiUUiop  with  alcohol,  gate  a 
fiBGond  precipilale  with  lime-water,  cbnfifling  of  oxakle  o£ 
limeb  After  tbis. doable  operatioa  with  alcohol  and  liaie-^ 
wateTf  the  inother*water»  on  being  gradually  evaporated*  bop 
eame  converted  into  the  brown  vifcid  fyrup,  of  a  bitter  tafloi 
like  that  of  walnut  (helb*  This  being  mixed  with  a  good 
quantity  of  alcohol,  coagulated,  and  threw  down  a  pleatiftil 
precipitate  of  white  matter.  This  fluUter  was  refy  pure  ma- 
late  of  lime,  the  alcohol  having  retained  the  yellow  aorid  fub* 
fiance. 

The  learned  authors  of  the  memoir,  of  which  we  havecondafioou 
given  this  detailed  extra^  conclude  from  the  fisds  above 
flated,    . 

.  1.  That  the  mnfcles  contain  potafli,  lime,  and  fulphuric 
acidv  or  perhaps  fulphur  burned  by  nitric  acid. 

2.  That  a  portion  of  the  mufcular  fibrOf  or  rather  ^t  ceU 
lolar  membrane  with  which  it  is  enveloped,  was.ooiiverted  kf 
the  adion  of  the  niuicacid  into  oxalic scid  and  malic  acid. 
,  The  alcohol  employed  in  the  feparation  of  the  malatje  of 
liase,  held  in  folution,  1,  A  fmall  portion  of  nitrale  of  limcti 
52,  A  very  bitter  red-brown  matter,  pofleffing  the  flavour  of 
waln^t  tbinds,  of  which  more  will  be  bid  hereafter }  9.  A  fmall  « 

quantity  of  that  detonating. matter  ahready  found  in  indigo:  il 
was  in  this  cafe  obtained  by  concentrating  the  alcoholic  Mu* 
tion,  and  feparating  it  by  the  addition  of  carbonate  of  potafli, 
in  the  form  of  granulated  cryfials,  very  inflammable,  and  very 
detonating, 

SacT.  ^.    The  importance  of  the  refults  obtained  from  thoiinparemce  of 
foregoing  analy fis  will  be  readily  underfiood;  particularly  tf^^^jfjf**^^ 
a  comparifon  be  made  of  the  knowledge  hitherto  podeded,**^ 
with  the  extenfive  notions  here 'opened  to  the  view,  of  an 
ol^[ed  b  interefiiog  in  theconfequences  which  may  be  drawn 
bom'Ug  ill  the  applications  which  may  be  made  to  the  animal 
economy,  and  which,  as  will  be  (hewn,  leaves  Scarcely  any 
thing  more  to  be  defired. 

The  difaii|^ement  of  aaotic  gas,  the  formation  of  oarJbonioDiicoveriet, 
acid,  c£{^  of  oxalic  acid,  and  of  a  bitter  fubflance,  conftii **'*JJ^Tl'*^ 
tute  the  whob  tha)  was  known  cefpeAing  the  tieatpiml  of j[|^^  oa  JL% 

animalft^^ie^* 


AttlMAt.   M*TW 

MlinMl  (iibflancrt  by  niuie  acid ;  to  thb  it  now  added  Hi 
covo^j  I.  or  a  yellow  infipid  matler,  of  tiitl«  t 
thoui^li  acid,  ani]  which  immeiliaiely  Wceedt  IheHpfby^ 
3,  Of  mnnthcr  yellow  maitpr,  biiier,  more  fnluble,  »ncl  e 
«dd,  wliich  ri'Diami  diflulviid  in  the  njtrtc  Ikjuor;  3,  C 
inAammsbte,  dotonattng  fubllance,  wliich  is  alfo  t 
roloiioii;  i,  and  laHly,  tjf  the  formalicn  of  ntsiic  add. 
•  It  np[icari,  and  u  liie  opinion  of  MelTrE.  Fonrcrof  J 
Vaotfiiplin,  ilial  ilie  yellow  and  nearly  inlolublo  n 
firrt  dej-ree  of  cliange  prnduced  U|>on  ihe  roafiular  fibr«t  It 
kkly  lo  ihe  fecoiid  degiee  of  alleration  and  ni  aciA'ay, 
whofa  produA  ii  the  more  folublo  yellow  nwllcr:  ihts,  by  » 
ihird  degree  of  alleration  ii  fucceeded  by  (he  iiiflamraable  de- 
(onaling  fubflance,  being  Ihe  third  and  bit  leim  of  Ibo  de> 
compofinf;  aflioa  ot  nitric  acid.  Tho  aulbori  of  liiis  mcmoic 
attribute  the  fuccelGve  t'grtualion  of  thcfe  three  cooipoaDdi 
to  lli«  fubira^ion  of  part  of  the  azote,  and  of  a  more  coali- 
deiable  portion  of  the  hydrogen :  by  thi»  meant  the  profHwlion* 
of  thuirelemenii  nro  chan;;ed,  and  there  reinaini  an  excefi  of 
nrUon  and  of  oxi)(en.  wliich  produces  the  ftaie  of  fai  and 
acidity  already  noticed.  Ai  to  the  proportion  of  the  conlii' 
(ucnl  principles  of  theft:  liiree  compoundt,  it  is  a  prttbbra 
of  loo  remote  a  nature  far  iii  folution  to  be  readily  dif(.-ov«rad. 
Meflrt.   F.  and  V.   etaniined  if  (lie  acidily  of  ihfl  yclluw 

»  fttbttancei;  m/glil  in  any  meafure  af ilc  from   nitric  acidt  t 
after  a  careful  inveflij^atioiv.  they  were  fatislied  tba(  it  K 
no  degree  pielent. 
The  itMRiaiion  of  oicatic  and  malic  acid*  belong*  t 

c  Mliite  muco<isfc*lesof  Ihecellafer  membrane,  Com|)artU|i|l 
experiments  of  llie  effea*  of  nitric  acid  on  ihc  while  mCB* 
btanaceoiM  organ*,  whtvb  funiilhMl  plenty  of  theri:  acidi,  and 
«ery  tittle  of  tlie  fat  yellow  matlvr,  led  llie  auilmre  lo  Ihii 
conchlHon. 

SiCT.  «.  A  few  irtfolaled  faflii,  which  hilherto  have 
Itarctfl)' appeared  to  be  fufcttilible  of  any  iifelul  applicaHon,' 
faem  to  unite  wiih  thofe  pi^fenled  by  ihli  analyfis  ;  and  Ibc 
learned  chemiRs,  lowhom  we  arc  indebted  fur  il,  ha^e  not 
oniilled  lo  conni'fi  iht-m  with  the  other  faflt.  Such  are  Ibofw 
which  are  obtained  by  txarajning  ilii- bilioui  coixretions  in 
ecrlain  animals;  iliofc  in  the  gall-bladder  of  ihe  ox  ami  cle- 
ftjgol ;  wmI  the  aiialugy  ftbtcli  apprata  ti 
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IM  ctfloor  of  the  ikm  bi  pwlbiit  alHttedwkhtim  j«uriio0i  Analogy  of  te 
ftiKl  «iro  their  urM,  and  itojdleir  fabflvios  tmled  of  ift  ^^^J^^^^ 
this  memotr.  Ike* 

New  experiments  made  with  ft  view  to  confirm  thefe  fuf-  Bllioui  coooe- 
piclons  obtained  the  rooft  hippy  refolts.    The  red  matter  of  ^^"^ 
bilioos  concretions,   when  fcparated  from  the  bitter  green 
natter  with  which  it  is  combined»  difptayed  (imilar  properties 
witbihe  firft  yellow  lAatter  obtaitied  from  mafclot  aded  upon 
bf  nitric  acid. 

From  the  urine  of  a  young  nan  troubled  with  a  flight  jann-  It  wai  fbooj  In 
^ice,  they  obtained  a  red  fubllance,  whofe  identity  with  the  j^^'J^ll^ 
matter  formed  by  mufcles  and 'nitric  acid  was  remarkable.  To 
obtain  this,  they  evaporated  the  urine  to  the  confiftency  oF 
boney,  and  treated  the  refiduum  with  alcohol :  thi^  contained, 
befides '  much  of  uree,  fal-emmooiac,  and  acetate  of  fbdif 
6f  which  the  patient  mude  ofe,  the  red  fubftance  they  foogbt 
for. 

F/om  thefe  experiments,  mftde  with  Ikill  and  ability^  tafty  Jaundke  occa- 
^e not  conclude  with  the  authors,  that  the  jaundice  «  occa- p^^^^]^**^ 
iioned'  by  a  fuperabundance  of  this  matter  Introduced  to  the  the  yellow  icid| 
cofaneons  abforbcnt  fyflem ;  that  this  is  what  gives  a  yellow  ^^5^22^ 
colour  to  bife  and  bilious  calcOli,  which  difplay,  on  analyfi/,  of  hUe,  Jte« 
the  fame  properties ;  and  that  the  yellow  acid  if  difperfed 
throughout  the  animal  economy,  cither  by  the  oxigenatton  of 
the  inufipular  fibre,  or  of  the  fanguioeous  fibrine,  from  which 
it  is  formed  } 

Neither  can  we  avoid  admitting  a  flriking  analogy  between  JLOunhkaat  fi 
thiif  yellow  acid  matter,  and  the  acid  found  in  fat  after  loog^  r*Oowi^d 
expofure  to  the  air,  or  thsll  has  com  rafted  a  yellow  hue  through  J„  ^f  f^  "***' 
difeafe,  and  fki  treated  with  nitric  acid  to  form  oxigenated 
pomatum; 

It  mud  be  conlefTed  that  thefe  conjeAnres  afliime  much  prd-  odierlidls. 
bability,  when  we  confider  (hat  the  acetate  of  foda,  alcalin^ 
carbonateit,  and  jblks  of  eggs,  are  the  remedies  bed  adapted 
for  the  cure  of  the  jaundice,  add  form  affo  the  beft  chemical 
folventt  of  the  yellow  acid,  or  of  the  acid  and  fet  naltei', 
which  fo  evidently  charaflerife  the  jaundice. 

After  what  has  been  faid,  it  bud  no  longer  be  imagined  that  Chemical  re- 
the  hope  of  tracing  the  caufe  of  morbific  affcftfons,  it  ahogether  ^^^? 
chtmetical:  oor  that  difcoircfiet  in  chemiftryi  afid  attentive  pbyficiaps.    ^' 

fcfeardM 


ff feordiet '  litfpeAiog  animal  mailer,  will  not  a>1i|tiilea  I 
ph]iC(.ian  on  the  wttuie  of  difeafeii  Biid  ibe  meaiu  of  caring 


ItcmnTh  rtt'ilive  to  Dr.  Hebscfbl'*  Figure  ^S 
By  As  Obsirvek. 

To  Mr.  NICHOLSON. 
SIR, 

SSoeeUrcirtgm-  l^^N  reading  in  your  Journal,  ObrcrvatioDi  on  the  £ 

Br:"hli"fi^L«  F'RO":  of  'l>e  Plane!  Saturn,  fay  Dr  Hetrchel,  from  the  Phi- 

of  iUtnra  h<d     lofopbical  Tranfaflions;    when  I  faw  ihe  engraving  of  the 

1,^11  II "    '""  figure,  ai  riefcfibed   by  the   Doflor,   refembling  a  paralldo. 

grant)  onu  fide  whcfeof  is  ihe  equatorial  and  Ihc  other  the 

polar  dianiel<;r,  with  llie  four  corner!  rounded  off,  fo  u  to 

leave  bolii   the  equaloiial   and   polar  regions  flaller  iban  they 

would  be  in  a  regular  Ipheroidical  figure  ;  I  wm  furprifed  to 

find,  on  enquiry,  ihiit  fo  remarkable  a  figure  had  not  been  ao> 

liced  befwe  by  oilier  aftrunomeri,  whofe  Iplefcopet  were  fop- 

piifcd  lo  de6[ie  objects  very  corrcAly,  with  poweri  coa&dci- 

ably  exceeding  IciO  times,  by  which  power  the  Du^oc  could 

diflinguidi  Saturn  from  the  fpheroidical  ligure  of  Jupiter, 

fitrmti  oil.  "(        la  the  jear  1776,  the  Dodo r  relates  he  perceived  the  body 

Iw^'*^'^*    of  Saturn  W8»  not  exaflly  round,  and  in  1781,  liiai  it  was  flat. 

tened  at  the  poles,  at  leaft  as  much  as  Jupiter.     In  1 7S9,  the 

DoAor  being  then  prepofTefTed  with  its  being  fpheroidical.  he 

ineafuted  the  equatorial  a'nd  polar  diameters,  and  fuppofed 

there  could  be  no  other  patliculorit}'  to  remark  in  the  figuis  of 

Ibc  planet. 

It  is  evident,  from  ttie  Do£lor*6  former  oblervalioiu  of  S*> 
turn  u)d  Jupiter,  tlial  titc  viljble  dilTetence  in  their  figurei 
was  ootf  betbre  lall  year,  oblerved  fo  diOinftly,  owing  (o  ibe 
fuperior  excellence  of  hit  10-leet  lelefcupe  of  two  feeispei- 
(ure,  but  that,  when  oblerved,  he  attcrwatds  found  the  other 
lekfcopet  gave  a  fimilar  difparity. 
Qi  wbtiher  A«  the  figures  given  by  fi^rmer  aflronomers,  and  CTen  by 

Jh^(,™n"^'' the  Dodor  hiraldt.  of  both  Jupiter  and  Saturn,  wore  fphcroi- 
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QMf  R  my  M  tttfOKuiitf  Dcrora  iny  inlncftlo  niflciiclioi  sio 
MteiD|Mecl  (m  mmtioncd  by  tbe  Dofior  «t  the  end  of  the 
GORnmiiiication),  to  be  well  mflured  that  hit  telefcoipet  have 
defined  the  figafes  of  the  plahels  accarately,  which  at  prefenC 
•dmitt  of  ft  duobtf  end  which  may  be  cleared  ap  about  the 
time  of  the  next  oppofition  of  the  San  and  Satvrn,  in  April    > 
next. 
Tbe  following  may  prove  the  neceffity  of  fuch  an  enqoiry : 
Phoe  ft  circular  or  fpherical  figure  before  ft  concave  mirror^  EspetimtM. 
which  mirror  muft  be  fo  inclined,  that  when  the  objeA  >' by  oUiqoe  i^ 
above  the  bead  of  the  obferver,  it  may  be  feen,  by  refledion,  fieaion  fram  a 
in  the  center  of  the  mirror*:  If  fecn  within  the  focoi,  Ihefj^JJ^Jj^JT* 
objed  will  be  reprefented  eval  in  a  vertical  diredion»  andloqg. 
when  beyond  the  focus,  in  a  horizontal ;  which  figure  will  be 
more  snd  more  offti  fts  the  nngle  it  enlarged. 

Tour's, 

An  observer* 
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EMperimenii  on  a  Mmtral  Suk/bmee  /armerfy  Ji^ipojtd  to  M 
•  fSeoUte ;  with  Jkme  Bemarkt  on  two  Speciet  qf  Urtm-^immer^ 
'  l^t4e  Ifev.  William  Gfttooft.f 

1-  HIS  mineral  is  raifed  in  a  mine  called  Stenna  Gwyn,  in  DefcriptKNi  ml 
the  parith  of  St.  Stephen's,  in  Branwell,  in  the  county  of  ^jjj^  ^ 
Cornwall ;  the  principal  produdion  of  which  it  the  compound  Cwawall. 
fttlphoiet  of  tin,  copper,  and  iron. 

Two  fpeciet  of  thit  mineral  are  found,  afliiming  ft  marked 
dilerence  in  externftl  chftrader. 

The  firft  and  moft  common  oneconfifit  of  an  affemUage  of 
minele  crjfftals,  which  are  attached  to  quartz  cryAals,  in  tufts, 
wMdi  diverge  from  the  point  of  adherence,  as  from  a  centre. 
Thefe  tufts  vary,  as  to  the  number  of  cryfials^  of  which  they 

*  If  the  cbjeA  »  finall,  it  may  bt  enlarged  by  a  concave  cye^ 
glaft.' 

fttie 


■r.d  are  cSapofod,  and  ue  iighl  and  deTkMC  ii 
'       ibey  atfiune,  or  they  arc  grouped  logetbcr  accordi 
variety  of  drgreet  of  ptoxuu'Uy  and  c«iitpa£ln«r*. 
ibey  fill  the  whole  cavily  ol  a  (lunr,  with  Litile  or  no  ir 
lion ;  in  olhur  fpccimeni  they  arc  (ten  pariially  Ipread 
Ihe  llilcf  and  pointed  pyramids  oi  quailx  cryflalt. 

In  fome  cafei  tiiefi;  grouped  lulls  adiicrc  very  pcdjii 
lo  lite  Hone  whidi  bi-ars  theiu;  in  ollieii,  llicy  are  c»fil^fe 
parable,  in  coiDparalivcly  large  pkcQs,  froin  ihe  quatlx,  iho 
iinptelled  (otat  ot  winch  liie  pieces  thm  fcpaialed  teiain.  Tfcc 
turface  of  thefe,  whicli  was  in  immediate  coiiUdl  with  ifec 
quartz,  e;<hiblts  ihe  feveral  iniTuite  cryflali  of  which  ihc  ntl) 
coniitis,  waited  logelber  in  various)  diicflions. 

Thple  cryllalliiie  alkmblagus  aie,  in  geDOial,  yvbUci  ■ 
neater  inTpt^flion  of  the  individual  cryllils  provei  that  they 
are  traiirparent.  Sumetiniu«  tliey  ate  llained  ol  a  yetiowilh 
hue  by  ochry  ivaier. 

Thi!  fiae  of  iliefe  cryOah  varies  conriderably  in  diSmm 
fpecimens.  Somciimet  ihey  ■iTuine  the  3]>peafance of  ■  v*hit% 
powder  raifcd  up  in  fmall  heaps,  upon  ilie  luiFace  ot'  thi:  flone, 
to  wliicb  they  adhere.  In  other  fpedmen?  they  referable  « 
tandur  down.  And  llie  largec  fort  iariev,  in  relative  iitze.  » 
ifae  proporlion,  pc[ha|M,  iu  wbicb  a  human  hair,  bufe-btir. 
and  a  hug'a  briHle,  feverally  diifer  from  each  ntber  in  magni. 
lade.  They  feldoro  exceed  a  quarter  of  in  inch  in  length. 
The  figure  of  Ibeie  eryOalt  is  not  ealily  afcerUiuabte,  on  ac* 
count  of  their  minulcnefs.  By  the  help  of  >  very  powetfal 
inicrofcope,  Ihcy  spjTesr  to  cflnllA  of  fbur-fided  prifmii  wJierv 
thcfo  arc  broken  otT,  ihc  fefiion  e>Uiibils  •  rhomboidal,  ap* 
pio3ching  indeed  to  an  elliptical  figure,  from  the  circurofbuKe 
of  the  angles  of  the  prilb  beang  Worn  away  t  but  llial  (ha 
priftn  itfelf  is  iLomboidal,  cannot  be  luleried  from  hence,  atieft 
we  could  be  ccitilieJ,  thai  ihc  Jtflion  were  at  right  anglot 
(vitli  the  axis  of  i4. 

Imbedded  aiaongA  ihcfe  cry  (laU  two  fpeciec  of  cryfiaJIint 
taminx  are  li-eqiienily  difcoverahle ;  the  ooeconGfliug  of  pa- 
rallelopipedon  p\aies  with  Iruncaled  angle;,  applied  lo  eacb 
other,  of  a  green  colour  of  various  tints,  from  the  emerald  to 
the  apjilc-green  :  the  otiiet  fpecic»,  oenltJliog  of  an  aircmbt^e 
of  fcjuare  plal»,  which  vary  in  thicknefs.  The  angles  of  (he 
fevetal  fcjuare  laminx,  which  are  applied  to  eBcb  otbcr,  »re 


not  alwayf  coincident.    Tliey  are  of  a  brigbl  wax  yellow.  Deicriptios  an 
lbs  fido  of  the  largeft  of  ihefe  (qaare  lamine  is  about  a  qaar-  ^f^^^j  *^^^ 
Mof  ao  indi.    Thii  bft  (pedes  is  freqaenUy  found  adhering  CorowML 
iilkt  fides  of  c|wrtscryAais,  in  the  cawities  of  grmaite, 

Tbe  other  fpecies  of  this  mineral  confifts  of  an  afleoiblagp 
tf  B]fCah  <Ao&iy  compafied  together  in  (be  form  of  mam- 
wSDkj  pratoberances,  in  genera],  of  the  Qxtt  of  fasall  pea^ 
iMittlel/  coDoeded  with  each  other.  A  ftratum  of'  tbefe 
■toat  fef  an  inch  thick*  ia  fpread  upon  a  layer  of  qoart^^  i^ 
Ike  cavities  or  fiflVires  of  a  fpecies  of  compad  granite.  TThe 
In  of  which  theie  mamilisc  confift,  diverge  from  a  ceotr^^ 
like  aeolite*  Some  of  tbe  individaal  ftri«,  in  fome  cafes,  o?ef* 
lap  their  Miows,  to  thefe  globalar  aflemblages,  and  evident]jr 
afTamc.  qd  their  preceding  points,  a  crytiailijBed  form. 

A. 

(1.)  Tbe  detached  cryfials  of  tbe  former  fpecies  are  eafiiy 
fcdnced  Id  powder,  of  a  brilliant  whitenefs.  At  the  tern- 
paiatiWL  J€*  of  fahreidieit,  its  fpecific  gravity  was  fiNiad  Id 
be9,«. 

(Sl)  The  hardiiefii  of  the  aNwe  compafl  fpecies  u  fuficient 
JofcmlcbcalGareoos^r.  At  the  temperature  5^^«  its  fpe* 
ci6c  gravity  was  9fi$3»    U  does  not  imbibe  water* 

(S.)  SoBM  of  the;  cryAak  evpofed,  on  charcoal*  to  the  flame 
ef  the  bkmyipe  iaddealy  and  ilrongly  driven  apon  them, 
decrepitate :  if  they  are  gradually  expofcd  to  the  flame  thc^ 
grow-  opaque,  and  iKcoroe  more  Kght  and  lender ;  but  they 
Aow  no  fignt  of  fiiiiaii  under  the  Aroogefi  heat. 

(4.)  Tbe  iphoTphate  of  foda  and  ammonia  takes  up  a  pieoe 
of  thii-aional  withoot  efiervefcenoe,  but  it  fwiros  about  the 
fuied  globule,  unaltered.  Borax  difToIves  a  fragment  of  ^a 
cryflaf,  and  the  globule  leamins  toanfparent. 

<5.)  Some  of  this  mineral,  reduced  to  a  fine  powder,  w»s 
mixed  with  about  half  its  weight  of  pounded  quartz,  and 
kneaded  with  water  into  a  baU :  but  as  foon  as  the  roafs  be- 

» 

dry,  all  cobefion  was  d«Rroyed,  and  it  fell  into  powder.* 

(6.)  Sulphuric  acid,  poured  upon  fome  of  it,  caufed  no 

rvefcence,  nor  was  there  any  perceptible  ^pour  cxtrl* 


(7«)  Sam^  ofthe  jwlverized  cryftaU  were  pot  into  a  crucible 
of  platinat  and  iuiphuric  acid  was  poured  upon  them.  .  The 

5  crucible 


I 

II*.  ll^ 


ymn  ind  crucible  va^coverei  with  3  piece  of  glafi,  and  placed  ii 
Vtl^.°'.*       f*nA.     On  ^xatninalion  of  ihe  cruet  bio  and  ii»  coitlenli,  : 

fume  lime,  it  appeared  llial  the  {feiiet  part  of  the  mineirf 
had  been  dilToli'ed,  bui  the  furidcv  of  die  gtuft  oevcr  wtt  Dot 
in  the  IcaA  atll-aed. 

(S.)  Some  nf  ihe  cryfidU  were  introduced  hto  a  fnall  gU& 
retort,  to  which  a  receiver  wa)^  adapled.  The  retott  was  CK- 
fiured  to  tile  heal  of  a  charcoal  tire.  A  fluid  diftiiled  over  into 
Ihe  receiver,  whidi  hnd  a  peculiar  em  pyr  cum  alio  fmeH.  tl 
rhanged  lilmiiii-puper  lo  »  l<>in(  red.  Il  produced  no  chnp 
in  a  folulion  of  nilrave  of  OUt-r ;  but  it  caured  a  while  pred- 
pitole  in  a  folulion  ot  nitrate  of  meicary.  I  atlribuled  tbcfe 
phtrnumena,  at  the  time,  to  u  fcnall  bit  of  the  featlior  with 
which  1  had  fwept  the  powder  into  the  retort,  ai>d  whidi,  1 
thought,  had  fallen  into  it.  A  (light  uhttin)  crufl  wai  aMo 
produced  in  the  neck  ul  the  iciorl,  but  the  fniallnefs  of  ibe 
(]uantit)r  did  rot  admit  uf  CKamitialiciii, 

(9.)  Some  of  this  mineral,  expofed  to  a  red  beat  for  about 
ten  minutes,  loll  in  weight  at  the  tale  of  25{  per  cent.  Anotber 
portion,  expofed  to  a  Itronger  he»t  fur  more  than  an  hour, 
fed  30|  per  cent.  This  operation  wat  performed  in  •  nucible 
of  platioa;  the  cover  of  which  gave  fome  indicslioiu  a«  if  a 
flight  poriioi)  of  the  liiier  parti  had  baen  volalilized. 

Some  of  the  compafl  fpecie*,  after  «Kpofiiie  to  a  ted  lieat 
(br  ons  hour,  experienced  a  diiuiniition  tn  weight  of  30  per 
a»t, 

(10.]  The  fulphuric,  muriatic,  and  nitric  Ecids  aided  hy 
a  long  digelling  heat,  eSt&  nearly  a  complete  folutioa  tf 
tbii  fubdance.  The  (|uaalii^  of  the  undifTolved  rclidtiun  is 
diminilbed  in  proportion  4o  the  purity  of  the  mineral  en- 
plojed. 

{1 1.)  The  nitrele  of  filver,  ai  well  ai  the  muriate  of  Im- 
rrleg,  produce  no  change  in  the  folution  of  Ihia  fubfiancc  in 
riliic  acid, 

(12.)  The  foluiions  of  thii  fubflsnce  in  tnuriaiic  tnd  miria 
Vcids,  cannot  be  btouglit  to  cTyflallize. 

B. 

(1.1  I  fcleaed  fomeofthecryflaliof  this  fublUnce,  U  f(«e 
»  it  wa*  pofSble  fmtn  extraneous  matter,  JO  graint  ^oC^ly 
paunded  were  expofed.  in  a  platina  ciociblc,  to  » icd  beat  fi>r 
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one  boor.   Tfiey  weighed,  whilftftiU  warm,  35  {  greias,  which  DtfitipciM  md 
h  t  Ms  of  28^  per  cent,    115  grains  of  the  fame  parcel,  from  J^j  ^  * 
wUcfa  I  had  uken  the  fornier,  expofed  to  a  heat  of  longer  comwalW  • 
cnatinuance  and  greater  intenfity,  were  dimiotlhed  in  weight. 
It  ifce  rate  of  30|  ;»er  cm/. 

(1)  The  powder  ftill  preferved  its  pare  whitenefs.     It 

wu  transferred  into  a  matrafs  and  nitric  acid  poured  aporf 

if  which  foon  began  to  %€t  upon  it.     The  matrafs  watf 

pheed»  for  nany  hoars^  in  a  digeding  heat.    A  folulion  of 

the  whole  of  the  fabflance,  except  a  fmall  portion,  was  ef- 

Med.    I  added  a  few  drops  of  muriatic  acid,  and  continued 

thedigeSiao. 

(3.)  The  acid  was  now  diluted  with  diftilled  water,  and 
poarU  off  from  the  refidnumi  which  coniifted  partly  of  a  fine 
fpongy  earthy  and  partly  of  fragments  of  quartz.  It  was 
caoi^t  on  a  Oter  and  fuffidenlly  edulcorated.  The  laft  por- 
tion of  edalcorating  water  dropped  through  the  filter  of  an 
opalifiihoe. 

The  lefidnam,  dried  and  expofed  to  a  red  beat,  for  tea 
mioules^  =  ^  of  a  grain,  i^  of  which  coafifted  of  firagtients 
of  qaarUt  jx  w*  found  to  be  filica,  and  ^  alumina. 

C. 

(1.)  The  dear  folution  and  edulcorating  water  were  poured 
into  a  large  matrafs  and  boiled,  and  whtlfl  boiling,  the  con^ 
tents  were  precipitated/  in  white  flakes,  by  ammonia. 

(2.)  When  the  ammonia  had  ceafed  to  produce  any  further 
precipitale,  the  dear  fluid  was  decanted,  and  aflfayed  vi  iih 
carbonate  of  ammonia.  But  its  tranfparency  was  not  in  the 
leatt  diAarbed. 

(5.)  This  clear  fluid,  together  with  the  edulcorating  water, 
with  which  the  fabfided  precipitate  had  been  waflied,  wa^ 
gradually  evaporated.  When  its  volume  was  conQderably  di- 
miniflied,  a  reparation  of  a  fpongy  earth  took  place,  more 
copionfly  than  I  had  reafon  to  exped,  and  the  quantity  of  k 
was  ftill  further  increafed  by  a  few  drops  of  ammonia.  Tiiis 
earth,  thus  feparated,  was  fufficiently  edulcorated,  and  added 
to  the  former  predpitate. 

(4.)  The  fluid  was  aj;ain  evaporated,  and  at  laft  transferred 
U>  a  crucible  of  platina,  and  the  fait  reduced  to  a  dry  (late :  on 
rcdiflblving  this  (alt  in  diflilled  water,  a  minute  portion  of 

2  earthy 
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laiyfiioCji      s-^nf  apd  lime  F«  i^;  ih^  volatile  parts  oi'-  this  fabQanoft 

SImwidl.  ^  ^Ai.^^  ^^  ^^  gf^ns  employed. 

The  fum  total  of  thefe  is           •        .        .        -        4r7^ 
Lofs        .        . 2H 

50 
I  have  fubje^ed  thefe  cryft^s^  ass  well  as  the  harder  fpeiccs 
df  this  mineral,  to  analyfis  by  means  of  diredl  folution  in 
fufphuric  acid,  and  have  found  in  each  cafe  the  fame  fixed 'ingre- 
dients, viz.  alumina,  a  fmall  portion  of  filica,  and  a  very  minute 
quantity  of  lime.  Both  thefe  latter  ingredients  are,  I  think, 
€(!ential  to  tlie  compolilion  of  this  foflil,  as  I  have  always  dit 
covered  them  in  the  pared  fpecimens.  In  this  mode  of  analyGs 
I  experienced  the  fame  difficulty  and  tedioufnefs  of'dehy  in 
bringing  the  lafl  portions  of  the  (ulution  to  cryflallize  into 
alum.  This  anomalous  circumflance  I  have  rcafon  to  attributo 
to  a  particular  combination,  which  takes  place  between  the 
fulphale  of  alumina  and  lime,  filica,  and  potafh.  In  my  ex* 
amination  of  the  corapa6t  fpecies  there  was  no  appearance  of 
the  fulphate  of*  lime  until  the  lafl ;  and  in  every  experiment, 
previoufly  to  the  frefli  appearance  of  cryflals  of  alum  that 
bad  been  long  delayed,  filica  and  falphatc  of  lime  were  dft* 
pofited. 

I  forbear  entering  into  any  further  details  concerning  my 
former  experiments  on  this  carious  fo(lil«  as  I  h^ve  reafon  to 
think  that  it  williflill  require  a  more  particular  and  minote  ex- 
amination, on  account  of  another  ingredient  which  eluded  my 
notice»  and  which  may  poffibly  impart  to  its  peculiar  charaAer, 
The  fcarcity  of  it  has  been  hitherto  a  great  bar  to  my  experi- 
ments;  I  fhall  record,  however,  a  few  fa6ts  which  I  have 
lately  obferved,  in  the  hope  that  at  a  future  time  I  may  be  able 
to  refume  my  examination  of  it. 

I  was  induced  to  payftone  attention  to  the  volatile  ingre- 
dients of  this  fubftance *.    With  this  view,  I  introduced  fome 

*Mr.  Humphry  Davy,  whofe-well  ktiown  (kill  and  ii^;adtf 
liave  probably  refideredithe  refearch^s.  of  anocher  perfon  fiipcriv^ 
ous,  had,  I  found,  been  engagjcd  in  the  aaalyfis  .of  a  mincnj  whick 
is  thought  to  be  identical  with  the  fubjcA  of  diefe.  obfervaiioiis. 
He  ipformed  me  that  He  had  obferved  a  peculiar  fmell,  and  acid, 
properties  in  the  W9tgr  diftUIed  from  tke  fubftance  which  he  exa^ 
knined* 

2  of 


4f  the  cryAtb  ibfo  a  liiMA  reloit>  adiipted  m  receiver  anto'  it;  ObMnSm 

Mid  expofed  riMr  retort  txf  m  eharrcoal  fire.    The  neck  of  th^  JJJ*™!^ 

retort  was  foon  covered  with  moifture,  which  pafled  into  the  CorawiiL 

receiver;  aiid  I  obferveld  a  white  cra(^ ^itdii^r/ fbrmin^'  in 

the  arch  and  n^k  of  the  retort. 

-  On  esamination  of  the  fluid'  in  thd  leeeivef ,  it  was  foand  to 

have  the  fame  etDpyreuffittlic  frnd!  IIDa  I IM  ebfeirved*bcffore. 

If  ri^fenibles  very  modi  the*  fmdl  which  that  fluid  is  fboMf  Ui 

have  which  is  diflitled'.fttMa  the  wHltt' cmft  that  farroaihlt 

flint  as  a  nucleus. 

Il-changed  litmus  ptlper  to afirint  reddifli'hue.  It  protltabed 
no  change  on  a  folution  of  nitrate  of  Giver,  and  taitetiy  dp^ 
ceptible  ori^«  on'tiiat  of  nitrate  of  nAercury. 

The  cfuft  ibrmed'in'  the  nbck  of  tile  r^ort  cohfifled  oFtbiii 
&iie»,  wbkh  after  \M  velTd  had  beetr  dried,  were  difpoftd 
to  feparate  from  the  gliif^  in  foiiie  places,  but  in  others  they 
§rm(y' adhered  urttb'it.  l^Hoy  were  opaque,  like  white  ena« 
wOt^i  and  reflei£ied'  iM  colours'  of  the-  rainbovv.  A  portion 
Off  thii  fabAance  expofed  t(>  the  flaole  of  the  blow-pipe  apdri 
cfaarcclarturned  atfirfl'bNtck/  and  then*  meUed  into  a  gfdblile, 
that  exhibited  foroewhat  of  a  metallic  fplendor  whicN  fodd 
l(itfw  dull.  This  fubYlance'  is  fbliible'  in  wtiter;  on  evapbra* 
fk>n  of  it,  it  aflfumes,  at:  the  ed^es  of  the  fluids  a  fafine  app^r- 
aMe,  which,  av  the  moifture  evaporates,  becomes  earU)y« 
opake;  and  white.  Some  of  the  folution  changed^  litmus 
paper  to  afkint  red:  Lime  and  (Irontian  waters  product  id 
It  while  clouds,  which  a  drop  of  nitric  acid  removes.  Mti* 
riats  of  lime  and  barytei  produce  no  change  in  it.  Nitfatii 
and-  atetale  of'  btrytes  diftttrb  its  tninf^tency,  the  efle^ 
prodtjced  by  tNe  latter  is  more  evident^  Nitrate  of  fliver 
produces  no  effe€t\  but  nitrates  of  nrercury  and  lead  cifufe 
copious  precipitates,  wbich  are  white  and'  foluble  in  nitric 
acid.  Phofphate  of  ainmenia*  and  fodk  produced'  a  f^hlta 
precipiiate.  Oxalate,  tartrite,  and  pniffiate  of  potafll*  did 
Ml'  affM  it;  nor  did'  Rilphate  of  foda.  Ammorfia  was 
dfb^ped^iriCo  it.  bot  the'flttitf  iMforVed  itk  tnittfparency.  But 
eatbbtiatfs"  of -amiaoma  ih^htly*  cauiM'  a^  white  precipitate; 
whfch^was'itist  re^MTolved  byahetfb^fs  oT  the' precipitant ; 
upon  feme  of  this  fubfided  precipitate  a  concentrated  foIutSofi 
of  {Mifli  #aM^*pdtfred  add*  fflatidi  vAth  it;  Uat'  if  vrai  not 


i!oB  wi  fenfibly  diminiOied.     Bui  if  after  tdulcomtion  it  bo  rf 
Fram      '"  "iuic  acid,  and  polafli  be  added,  no  precipitate  i 

B.  duccd.  

Carbonite  of  pola(h  caufci  a  while  precipiiate  wbM 
dropped  into  (be  aqueous  foUiiion  of  the  Icaly  fublimaie. 

The  fupenialBiit  tluid  was  poured  olf  iind  gradually  evapo- 
nled,  but  it  became  repeatedly  lurbid,  not  could  1  by  muani 
either  of  ihe  filter  or  alcohol  preient  a  reeurrencu  of  ibe  fime 
cfTeA.  Nearly  ibe  fame  rcfull  takes  place  when  carbonate  oi 
ammonia  t%  ufed  as  (he  precipifanl. 

Some  of  the  while  fc&le&were  maillened  with  fulphuric  add. 
No  vapour  arofe. 

Some  of  liie  ptecipilale  obtained  by  meanx  of  carbonate  »f 
pulafti  from  Ihe  watery  foluiiun  of  ihU  fubdaDce,  was,  after 
fufficient  edulcoiation,  dilTolvcd  in  I'ulphuric  acid ;  the  folutJon, 
^^^  on  due  evaporation,  produced  permanent  cryfial',  fome  of 
^^L.  which  refemblcd  alunii  but  oilicrt  fcemed  lo  dilTcr  frota  il  in 
^^K  ^lertial  cliara^er.  Ammonia  decompofed  the  folulitin  of 
^^H  thera  in  waitr,  and  a  few  diopi  of  liquid  potalb  dilTofved  Ibe 
^^H  precipitated  earth.  The  quaniiiy  waa  loo  fmall  for  furthci 
^^K  «xperiment, 

^^H  _  If  diHilled  water  be  poured  into  the  retort  and  boiled  id  it, 
^^V-  So  ai  lo  dilToIve  what  adheres  to  the  neck  and  cavity  of  it,  a 
^^^  further  folulion  Is  efl'efled,  but  differing  in  foroe  meafure  ftoiQ 
^^^  the  (olution  of  the  fublimale  collefled  from  the  neck  of  the 
^^ft  velTel.  This  taller  folution  is  found  to  contain  lead.  If  nitric 
^^H  or  muriatic  acid  be  poured  into  the  relorl,  fu  as  lo  diflblv* 
^^B  v/itsiljiilt  remains  aJiiering  lo  it,  the  preTence  of  load  becomci 
^^B  Bore  evident.  Whence  does  thii  metal  anfe?  ]  have  reafon 
^^B  to  believe  that  it  srifes  from  the  glafi  retort,  whicli  h  corroded 
^^K  ^  the  acid  of  the  tolfil  extricated  by  heat.  Rui  what  add  is 
^^B,  tif  II  does  not  reciu  to  bo  either  the  phofphoric  or  Huoric 
^^K  ^dt,  the  laltcr  of  which  becuns  the  firll  objea  of  ray  Tut- 
^^B   fie  ion. 

^^H  The  opinion  whiL-jj  Mr.  Davy  fuggelled  to  me  feemt  more 
^^B  probable,  that  it  is  of  vegetable  origin.  Oxalic  acid,  on  ibe 
^^H  authority  of  Bergman,  may  be  volatilized;  yet  fume  of  iti 
^^H  propetlJe&  are  very  exlcaurdinaiy  and  do  not  at-cord  with  ibii 
^B    idea. 

^^B  .  I  decompofed  the  watery  foluiion  of  Ibe  fcalet  bynilrBleof 
^^K    ifad,  and  after  a  fulhcient  edukonttion  ui  ihe  fubfided  prccipi- 


lafei  I  dropped  upon  it  fone  fulphuric  acid.     No  fumes  were  Deferfptkm  0 
pntepuWe,     The  fulphate  of  lead  was  feparaled  by  the  filler,  JJJSjj^  ff^^ 
tod  the  clear  fluids  which  pafled  through  it,  was  gradually  CornwaU* 
enporated ;  fmait  cryHallizations  were  formed,  the  figure  of 
wMcli  I  could  not  afcertajri ;  fome  of  them  were  expofed  ta 
theftme  of  the  blowpipe  in  a  gold  fpoon ;  Ihey  did  not  burn 
toon!,  nor  give  out  any  empyreumatic  fmell  nor  fufe«  but 
%  ifliimed  an  Worthy  appearance  *• 

'  '  Uraii'gHmmer. 

I  ball  add  a  few  defultory  xemarki  upon  the  yellow  and 
green  cryftals,  which  frequently  accompany  the  fbffil. . 

I  confidered  them  to  be  the  two  fpecies  of  uran-glimmet 
which  had  been  examined  by  the  celebrated  RIaproth. 

Tbe  ydlow  cubic  cryAalt  are  light.  Their  fpecific  gravitj, 
lakenat  temperature  45^  Fahrenheit,  was  2,19. 

Expofed  to  the  flame  of  the*  blowpipe  on  charcdM,  they 
decrepitate  violently,  A  piece  of  this  fubilance  is  taken,  up  by 
pboTpbate  of  ammonia  and  foda,  without  effervefbencej  and 
communicates  a  light'  emerald.green  colour  to  the  fuM 
globale. 

By  expofure  to  a  red  heat,  this  fubflance  lofet  neatly  ^ 
third  part  of  its  weight.  It  then  becomes  of  m  faia^ 
colour. 

It  is  folnble  in  the  nitric  and  muriatic  acids  ;  but  I  coaM 
procure  no  cryflallized  fait  from  the  folution  of  eitber  of 
them. 

By  evaporation  to  dr}  ncfs,  and  rediflblving  the  mafs,  fom« 
Alica  is  feparated. 

A 

(1.)  A  certain  quantity  of  the  yellow  cryfials  were  dif* 

folved  in  nitric  acid.     Muriatic  and  fulphnric  acidi  faccef* 

6vely  dropped  into  the  folution  produced  no  fenfible  change. 

Tbe  contents  of  the  folution  were  precipitated  by  ammonii^ 

*  I  fabicded  ibme  of  the  Bamftaple  minenl,  widi  which  Mr. 
Raflilcigh  kindly  furaifhed  mc  out  of  his  cabinet,  to  expfrimcnt^ 
with  a  view  of  a(certaining  vrhethcr  it  would  product  the  ikme 
voiatiliied  faline  cruft,  as  tht  flenna  gwyn  fc^»  and  {  found  that 
it  did. 

ID 


iliTyli«f  1 


It  «ach  fuccea^ 


t  in  wfjits  eTotfj'muctd  with  Tome  of  a  yelioivtfti  tm^. ' 
monta,  arideJ  in  rxceO,  betrayed  no  fign  of  Ilie  ptdrnow  of 
copper. 

(2.)  The  Bmnionia,  on  evaporation,  wa>  found  to  have  llcU 
a  podioii  of  liie  mineial  in  folution.     A  frefli  porlioi 
■onia  dtflblved  moie,  but  in  g  leh  q'jaouiy, 
{b£  afftificn  uf  il. 

(3.)  The  precipilaie,  which  had  vedRed  the  ainmonia,  fm 
boiled  in  a  Clver  crucible,  wilh  a  folution  of  potafh  in  alcohol, 
diluted  with  diAiltcd  uaier.  and  a  confiderable  potlion  of  the 
^lUlance  was  dJfTolved  by  il ;  the  potafti  and  the  Bmnotiia 
iad  difToIred  niher  iqom  tban  half  of  Ibe  &xed  iugrtdicnti 

(4.)  Theedolcorated  reliduum,  which  was  of  a  drrly  yellow 
Colour,  wai  tnnsterred  Id  a  crucible  of  plalina,  and  moillened 
'  with  fulphuric acid,  which  wat  abArafied  from  il,  in  ihciaoi- 
^th.  The  browni&i-grajr  mafs  wai  elixaled  wilh  dillilM 
V«l?r,  which  diflblved  nearly  thewbulc  ol  il.  Tlic  crliduuiB 
tonlified  of  a  while  heavy  powder,  which,  Iried  in  diReroM 
tayt,  was  fiaund  to  he jhiphate  qf  lead, 

(5.)  The  folulion  efTefled  by  fulphuric  acid  was  flreenifli. 
An  evaporation,  a  bit  was  produced,  uf  uncommon  brilliancy, 
fMiunbluig  fcales  of  mica,  or  Giver  leaf.  Thcfe  diminilhH  Iti 
^iraniityaL  every  Trelh  folution  and  evaporaiion,  and  at  ItS 
^y  could  not  be  reproduced ;  but  a  confufed  cryflaliizcd  rosfi 
acmained.  How  ht  ihe  plalina  crucible  may  lutve  coTiiriUile^ 
10  this  phenomenon  I  cannot  afceriain. 

(6.)  The  folulion. of  the  Eiline  mafs  was  precipiUlod  hy 

potafh,  of  a  dark  brown  coloitr.     The  potafii  held  nplhitig  '^ 

folution.  1  rediffukeJ  the  precipitate  in  nitric  acid,  and  prixi. 

pilaled  Ihe  folution  bj  ammonia,  of  a  bright  yellow  cokHtr. 

beculiar  to  Ihe  oxide  qfvTuniuin,  with  which  it  agreed  in  oftiet 

propeflie*. 

[*■    (V.)  What   was  difTolved   by  ammonia  f2.)  areonnlH  la 

L  iMarty  ^  part  of  the  fixed  ingredients.     Il  was  white,  inHhirng 

I  hf  {![{] -colour,     ^t  lingcd  phofphalc  of  foda  and  ammonia  of  a 

fcht  green.    It  was  folufclc  in  fulpliuric  acid,  eicepi  a  few  g©. 

I  ]^tino.us  QaJ[i;t.     The  fululion  wa:.  greeruflr;  gradually  c«V 

.BDraied,  ■*  Qjol  inio  a  number  of  nmuie  fivllaiad  cr^Dalii^- 

■  ions,  which  weie  ciicuTar,  and  conOfled  t>f  rays  div^^gigg; 

float  a  ccBlj-c,     They  were,  in  general,  colourlcli:  n  fe(6  of 


them  were  Hil{^  ef  h  fiftblcW-cMdor.    Tbey  fooh  bisdahe  Difefi||^  Jli 

Mi«|Qefcent.    Upon  ev«^«MiliM,  the  kaat  cr^fhliusatiom  ^^t^^ 

were  produced.     After  a  time,  feene  ijetached,  regular,  ftodcornw^ 

permaneiit  cry  Hals  Were    fcnitted,    wMch   were  colourfeft. 

Their  6gure  I  could  not  ^KxaiMdy  iifcerlain.    They  were 

expofed  to  a  red  heal  in  a  platina  crucible*     No  amrooniacal 

?apour  was   perceptible.     The  cryfials  melted  into  ppi^qoe 

globules :  tome  of  the'fe  Were  transferred  to  k  Tmatl  glafs,  ahd 

diflifled  water  was  pouted  tipoU  them.     No  folution  look 

phice  apparenlly :  on  ftiating  the  glafs,  the  gtobales  fell  to 

pieces  into  geYalinous  Aakes,  which  Wefe  whjte.    ^ome  of 

the  fupernatant  fluid  was  tried  with  muriate  of  b&rytes^  wbjcli 

produced  a  cloud.     But  neither  ammonia  nor  prufliate  of 

petiilh  CBufed  ahy  ehiinge  ih  h.    It  js  fdluble  alfo  in  nitric 

acid :  the  folution  folrinc^  A  confiifed  cicyftatltzed  mals,  ^Vhich 

foon  beciniie  dditiuefceht.    Zin&«  imtnerfed  ib  it,  caufed  the 

(eparatibn  of  whUe  j^ehtihous  flakes;   Iron  caufed  no  change. 

Atnmoiria  and  potkfii  tbr^w  down  white  precipitates,  a  por* 

tion  of  which   w«re  redlltblved*     The  oirbonales  of  fc^aj^ 

potafb,  afid  ammonia  produced  While  (>r^ipiiates.     PriijSiato 

of  potafh  threw  doWn  tbb  cbnteMls  6f  the  fotution  in  diAind 

flakes,  of  the  colour  of  mahogany^  bdd  the  (blution  of.  galls 

in  iloobol  caufed  a  li^ht  yellow  powder  to  fubflde.    It  ii^ 

Toluble  alfo  in  muriatic  ackl ;  ihes  folution  is  a  Very  dDutt 

green.    It  requires  an  excefs  of  acid  to  hold  the  fubflahce  in 

rotation :  which,  after  a  tiine,  depbfits  cryflalline  grains  oE 

ayelIowi(h  colour,  which  reqiiit  a  lai'ge  quantity  of  wat^t 

to  dlflblve  them. 

Acetic  acid  does  not  difTolve  this  powder. 

(8.)  What  WAS  diflblved  by  potadi  (3.)  was  of  an  ifaheHa^ 
colour  ;  it  was  tried  with  nitric,  ibnriatic,  and  fulphuf  ic  ad^ 
Mither  of  wbicb  could  dlflblve  the  Whole  of  it.  WbAtn^ 
fitted  the  two  former  acids  was  (bund  to  be  filica.  Tbni. 
which  remained  undHToWed  by  the  latter,  was  filica  an^ 
fttlphate  of  lead.  Evaporation  of  the  latter  folution,  hi* 
trayed  alfo  the  prefeoce  of  lime,  in  the  fiate  of  futpbaio. 
The  nitric  and  murtattc  folotions,  on  evaporation,  depofit^ 
nitrate  and  muriate  of  lead ;  and  fulphuric  acid  dropped  inio 
ihoA  prodvced  a  fmall  quantity  of  fulphate  of  lime. 

The  nitrate  and  muriate  of  lead  were  decompofod  by  fut« 
piMiric  acidy  and  the  lead  reduced  on  charcoal. 

Ainmonia 


860  ANALYSIS. 

)clcri0tieB  aad  Ammonia- preripitated  what  remaiiied  in  thefe  fobtioB^ 
'^^  Unm  ^°^  rediflblved  a  part  of  the  precipiUUei,  which  agreed  i» 
^ortiwalL  properties  with    that  fubAance    before  mentioned  (2.);  the 

remainder  was  of  a  brighter  yellow.     But  I  coald  not  bring 

the  folution  of  it  in  nitric  acid  to  crjllallize. 

B. 

(1.)  Some  of  the  yellow  cryftals,  which  had  not  the 
appearanceof  being  contaminated  with  extraneous  matterj 
diflblv«d  in  fulphuric  acid.  Silica  woifiparated;  and  the  pie* 
fence  of  lime  and  lead  proved  by  tlie  appearance  of  their 
TtfpeQlveJulphates. 

(2.)  If  fulphate  of  ammonia  is  dropped  into  a  folation  of 
this  mineral  in  nitric  or  muriatic  acids,  no  change  takes 
place,  immediately.  But  on  evaporation,  a  yellowilh  cmfi 
is  depoiited,  which  is  infoluble  in  water.  A  folution  of  car- 
bonate of  foda  in  water,  boiled  on  it,  becomes  yellowifli- 
brown,  and  the  greater  part  of  it  is  dilToIved.  The  re* 
fiduam»  which  is  white,  is  reduced  on  charcoal  to  a  glohiilai 
of  lead.  What  the  carbonate  of  foda  had  diflblved  was 
found  to  be  oxide  of  uranium*  Sulphuric  acid  alone,  does  not 
produce  this  depoiited  crud* 

(3.)  Some  perfedtly  pure  cryflals  were  diflblved  in  mu- 
riatic acid.  Some  filica  was  feparated.  A  few  drops  of 
fulphuric  acid  were  dropped  into  the  folution,  which  pro* 
duced  no  immediate  change ;  on  evaporation  a  white  powder 
feparated,  which  confiAed  in  part  of  fulphate  of  lime.  The, 
remainder,'  expofed  to  the  flame  of  the  blowpipe,  was  re- 
duced to  globules  of  lead. 

The  folution  was  decompofed  by  ammonia,  which  redif- 
folved  a  part  of  the  precipitate ;  and,  after  edolcoration,  the 
precipitate  was  diflblved  by  nitric  acid,  and  precipitated 
again  by  ammonia,  which  held  a  lefs  quantity  in  folution. 
The  edulcorated  precipitate  was  now  boiled  with  a  folution 
of  carbonate  of  foda,  which  diflblved  a  large  portion  of  it. 
The  folution  was  yellowifh-brown,  and  contained  oxide  of 
araniam.  What  was  undiflblved  by  the  carbonate  of  ibde 
was  diflblved  in  fulphuric  acid,  and  feemed  to  be  the  fame 
fubflance  as  tbat  which  the  ammonia  held  in  folution^ 
A.  (2.J 

The 


NICKEL    AMD    COBALT*  1^61 

Tbe  icarcitj  of  thii  beiatiful  mineral  has  precladed  me  Dcfcrlption  aal 
firon  operating  on  fuch  a  fufficient  quantity^  as  a  regular  and  ^\Jl^*\  ^^ 
rigid  anaiyfis  required.  CoiairaU. 

Tbe  fabftance,  which  is  held  in  foltition  by  ammonia^  has 
peculiar  properties  that  feem  to  diflinguilh  it  from 
uranium.  And  if  this  mineral  be  the  uran-giimroer,  I  have 
ceitainly  deteded  the  oxide  of  lead,  lime,  and  fihca  in  it, 
vbicb  have  not  hitherto  been  coniidered  as  ingredients  of 
that  fflffil.  The  green  cryftals  differ  in  no  refped  from 
tbe  yellow,  except  in  containing  a  little  of  the  oxide  of 
copper* 


XVII. 

4^  different  Methods  of  feparating  Nickel  from  Co^ 
halt.     BjfM.C.  F,  Buciiolz.* 

X  HE  want  of  nickel  and  cobalt  in  a  (late  of  purity  induced 
M.  Bocholzj  to  make  experiments  himfelf  on  the  means  of 
procuring  thcro,  and  to  repeat  thofe  of  others. 

A.  Tbe  able  chemift  Hermfiadt  propofed  to  feparate  oxide  ^-  Bucholc 
of  cobalt  and  oxide  of  nickel,  by  diflblving  the  nitrate  or  ful- 1|^*^«,  meihoA* 
phate  of  cobalt,  impregnated  with  nickel,  in  ammonia;  and 
expofing  the  folution  to  a  fingle  evaporation.     This  M.  Bu- 
cholz  tried  in  the  following  manner,  for  the  reverfed  pur« 
poTe. 

!.  An  ounce  of  cobalt  ore  (cobalt  Jpeife)  was  diflblved  with  One  o«.  cobilt 
beat  in  four  ounces  of  nitric  acid  of  the  fpecific  gravity  1  i^SO,  ^^l^'^^***  *** 
and  mixed  with  an  equal  quantity  of  water;  which  produced  Depofit^  jdramt 
a  refidue  of  three  drams  of  oxide  of  arfenic,  in  the  form  of**^  arfenic, 
fmall  cryftals.     When  the  folution  mixed  with  half  the  quan>The  felucton 
tity  of  water,  coloured  of  a  dull  green,  had  been  filtered  and  |„(ed  depofits  \ 
dilated  with  a  great  quantity  of  water,  it  depofited  a  little  ofUttle  bifmuth 
the  oxide  of  bifmuth.     CauQic  ammonia  was  then  mized  with^^^^^'j^  ammo. 
it  to  excefs,  until  no  farther  apparent  folution  took  place  ofniajMUed. 
the  precipitate  obtained.     That  which  was  not  dilTolved,  o^l^^^^^^!^ 
a  dull  reddiib  white,  was  a  compcfilion  of  arfentate  of  cobalt  Dime  of  cobalt, 
irith  a  little  of  the  oxide  of  bifmulh,  and  the  oxide  of  iron.     7^^  °?''*^*  ^ 

bifmath  and 
iron* 
*  Buchoh,  &c.  JoumalofChem.  III^p.2. 

Thu 


S()2  KICKEL   AVD    COBALT. 

Bgr  evaporadon  :     The  'foiittion  being  filteced,  appeared  «yf  e  betwltibl 

wa^a!aLl!Si*'  '^  ^"^  ^^  evaporated  at  a  gentle  heat,  by  which  Ab«t 
prccipiuic^       drams  of  a  bright  green  precipitate  were  obtained; 
proved  to  be  oxide  of  nickel,  aoited  to  oxide  of  gOImiII. 
filtered  liquor  being  then  afterwards  evaporated  et  the  heflli 
a  iioveb  depoiited  ftill  an  oxide  of  the  fame  qudiiy. 
The  fallne  mafs      The  faline  mafs  of  smmoniacal  nitrate  of  nickelp  of  ai 

wTedf  fiil^d^'  8^*^"  ^^^^^'  ^^'^^^  ^^  **^"  obtained  by  the 

and  boiled  with   was  xe*di(folved,  filtered,  and  kept  in  ebtilliiicii  with  eta 

cauftic  poufli      ^^fs  of  caaflic  potaib,  until  the  evaporation  of  the 

produces  pure  /  «•      i  •  i        i  j   •    ir    * 

vsidc  of  nickel.  ^^^  compleated,  by  means  of  which  a  dram  and  bair.w  «Mi 

ide  of  nickel  was  feparated,  which  did  not  appear  to  conlaii 

any  more  oxide  of  cobalt. 

Solphuric  add        2.  As  the  feparaiiou  was  not  effeded  very  well  nor  with 

^  much  facility  by  the  former  method,  the  efR:d  of  fulphwk 

acid  was  tried.     For  this  purpofe,  an. equal  quaolity  of  water 

was  poured  on  the  oxide  obtained  as  before,  and  falpharie 

Gifcs  an  odour  acid  added  till  all  was  diffolved  by  the  aid  of  heat.  .  It  tliti^  j^ 

^id*"**""^^    evidently  gave  out  an  odour  iimilar  to  that  of  oxinwkdb : ^t 

acid,  although  there  was  not  any  muriatic  acid  afed»   .A  Uk'i*'* 

phenomenon,  on  a  fimilar  occaiion,  was  before  oblcrved  Jbf  <90 

Ihe  author  (which  is  mentioned  in  the  tirft  fedioD,  ptge  1 89  ^ 

Treated  widi      o(  Deitrage  zur  enveiterung,  for  1799.)      The  folulkw  wflft,-^ 

amoMnia  dcpu-  |jj^.^  treated  with  anvmonia  as  before,  until  the  whole  «jU«ak. 

ats  oxide  of  . 

cobalc  niofl  diflblved.     The  refidue,  whicli  was  oxide  of  cobalt  with ,  ■ 

a  lidle  oxitie  of  nickel,  had  the  colour  of  verdigris,     Wbca, 
the  folullun  was  evaporated  at  a  gradual  fire,  and  feparaled 
by  filtration  from  the  precipitate,  of  which  the  greateA  part 
was  oxide  of  cobalt,  it  was  fubmitted  to  fpontaneous  evapo* 
The  ibtation      ration:    It  then   cryflalized  without  any  farther  figparatitOp. 
oryftiUicd*         partly  into  prifmatic  cryHals  in  groups,  and  of  a  green  cokiar» 
and  partly  into  crufl;:  united  together,  and  blue  at  the  edfOi|> 
TbecryAahcoa-the  eflfay  of  the  oxides  procured  by  pota(h  from . the  fohitioa- 
^cka?*^*"^    of  the  cryftals,  as  well  as  from  the  mother  water,  (bewed.thal. 

they  contained  cobalt  almofl  in  equal  proportions. 
The  laft  eipe^        3.  Mr.  Bucholz  repeated  the  former  experiments  00  a  larger 
rimentrepekcd   (q^\c^  {,)  hope  to  obuin  a  better  cry ftallization,  and  operated, 
on  eight  ounces  of  cobalt  ore,  from  which  the  firft  cryfiaU,  of 
a  b!uei(b  green,  obtained  by  a  procefs  fimilar  to  that  laft  re^ 
cite'd,  and  which  weighed  about  five  ounces,  were  again  dif* 
Tulvcd  in  32  ounces  of  boiling  water:  This  IblutioD  was  eva- 
porated 
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lall  a  ^liide  was  htmtd,  and,  after  being  fiUered, 
nearaAove,  that  it  migbt  cool  Oowiy  and  crydallize. 
ad  of  4$  teurs,  the  greatttlt  part  of  the  fait  was  cry-  VnductM  fine 

im  bwatifoi  tAtrahedral  rhomboidal  pyramids  Owt^J^i^t,^^^ 
I  yellow  green,  of  which  the  lateral  faces  forined  8D  «1  pynmidf. 
Hi  and  of  65  degrees,  otten  with  one  extremity 
d»  Bid  always  with  an  angle  of  13^  degrees  towardt 
km^mfi  ^^^^'  'Tiiis  reCiilt  proves  that  this  fait  forms 
■dily  into  regular  cry flals  by  cooling  than  by  flow  eva« 
•  All  the  cryftals  were  then  colie6ked,  washed  with 
ind  again  diflblvcd,  and  (he  nickel  feparated  by  boil. '^hc  cryfbls  fif. 

Iblotion  with  potalb  till  the  ammonia  was  dilen-  mckti  {tauJoeA 

as  before. 

I  wall  to  ftee  this  oxide  from  carbonic  add  as  to  judge  The  oxi^e  ob- 
i.borapiinied  from  cobalt,  it  was  diOblved  ia  nitric  ^^^.^^]l^ 
i  treated  with  pure  ammonia  in  the  fame  manner  as  treated  with  Mm* 
a  deferibed.     The  liquor  of  a  fine  blue  colour,  (and  ^'^y^Hir. 
ack  a  refidoe  of  five  grains,  which  feemed  to  be  an  fuived  depofits  a 
'dofailt,  bad  been  feparated  by  filtration),  was  eva-*  ^'^^  ^''^ 
ID  diyntfi.    After  another  folution  then  madct  it  de* 
MB  oxide  of  a  beautiful  bright  greep,  which,  after 

aaci  dried,  weighed  half  an  ouncse.    The  lit|uor,  The  filtered  gm 
Che  filter,  was  analyfed  by  pure  carbonate  of ^^|^^^  J^ 
tba  heat  of  boiling  water,  which  then  produced  1 70  oxide  •£  okksL 
I  «K«de  of  nickel,  of  a  pale  green,  united  to  carbo. 
r  m  liillc  of  it  was  diflblved  in  muriatic  acid,  and  fome 
hrtion  fpread  upon  paper.    On  iieating  it  afterwards, 
yellow^  and  inclined  but  very  little  to  a  green* 
of  nickel,  which  feparated  fpontaneoufly  during 
•mtion,  was  diflblved  in  difengaging  much  oximuri- 
I;    ^ead  on  papcr»  it  exhibited  the  colourt  when 
of  a  fympathetic  ink  of  cobalt  highly  fatnrated :  from 
it  fellows  that  It  was  more  rich  in  cobalt  than  that  pro-  Which  conuim 

.■  .    .^     .  leis  cobalt  than 

n  the  precipitation^  the  r|>ontaneous 

sides  colleded  in  thofe  two  ways,  diffulved  in  nitric  precipitafie. 
hnric  acids,  after  becoming  grey,  (which  the  author  ^^1^^^^  ^*^^i^ 
to   be  occafioned  by  the  nickel  diflblving  firft,  and  and  fulphuria 
Ibo  greateft  part  of  the  cobalt  remaining  to  the  lad,*"^' 
b  opinion  was  not  confirmed  .by  other  experiments 
I  this  fuhjea.)     Thefe  oxides  made  lightly  red  in  the  Give  out  nltrNt 
nged  their  colour  to  a  dar)t  grey,  and  then,  as  well  as  ^^  (JL^^^^l 

00 
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on  the  aJdition  of  fulpluiric  aci<f,  a  difengagcmcnf  of  nifroai 
acid  (<K>k  place  from  the  roti due  obtained  by  evaporation>  which  ; 
was  aifo  caufed  by  the  addition  of  an  alkaline  lixivium  :  With    ' 
ammonia  the  fame  effects  were  produced  which  have  been 
before  mentioned. 
Smlphitfi  and         The  refuUft  of  the  foregoing  experiments  are : — ^The  fuU 
nmUad  nickel   p''**^  ^^^  nitrates  of  ammoniacal  nickel  feparated  from  co- 
alwavi  cttDtaia    ball  ore,  retain  always  fome  cobalt  in  tl>eir  compofition,  and 
^^^^  it  is  impoHible  from  the  method  of  Hermltadt  modified  in  the 

preceding  manner,  to  obtain  an  oxide  of  nickel  without  ^ 
mixture  of  cobaK. 
Thcosi^nf  b.  By  partially  decompofing  the  ammoniacal  nitrate  of  co« 

^^*J*^  J^™*PJ"SbaIt  by  evaporation,  an  oxide  of  nickel  h  obtained,  very  rich 
evaporaiSon  cnn*  in  cobalt,  which  contains  nitric  acid;  and  the  oxide  of  nickel 
^"^  ^^  ^^^  which  remains  andecompofed  in  this  (alt,  retains  a  very  fmall 

qnantity  of  cobalt. 
9r.  Scliaa«bert*s     B.     Do^or   Schnaubert    has    publifhcd  (in    Tromfdorf'f 
yiethodofob*     Journal  of  Pharmacy,  voL  II.  p.  66)  a  method  of  obtaining 
idtof  oickel*  ' ^^^  oxide  of  nickel  pure:  Which  confifts  in   dilfolving  the 
metal  of  nickel  mixed  with  cobalt,  or  its  oxide  feparated  from 
other  fubOances,  in  nitric  acid,  in  precipitating  it  by  the  car* 
bonate  of  potaih,  and  in  heating  it  to  a  wliite  heat,  after  wa(H« 
ing  and  drying  it.    In  this  manner  he  always  procured  a  yellow 
bxide,  on  which  he  caufed  very  Arong  fulphuric  acid  to  boil  ; 
which  gave  him  a  folution  of  oxide  of  nickel  of  a  grafs  green, 
while  the  oxide  of  cobalt  appeared  in  the  foi^  of  a  yellow 
rcfidue.     He  proves  the  purity  of  the  fulphate  of  nickel  pre- 
pared in  this  manner,  by  the  property  which  ammonia  has  of 
prectpiiating  k  of  a  bright  green,  and  when  added  to  exccfs; 
'**^*.°/jl^     of  re-diflblvinir  it  with  a  beautiful  deep  blue  colour;  but  this 
argument  appears  infufficient  to  thofe  who  know  that  oxide  of 
nickel,  although  mixed  with  many  hundredth  parts  of  cobalt, 
does  not,  however,  experience  any  perceptible  change  in  the 
colour  of  its  precipitates,    nor  in  its  ammoniacal   foluttons* 
He  hNimtmen-  Bcfides  the  omiffion  of  indicating  the  means  by  which  lie  was 
tjoned  his  Piwrf  convinced  that  the  oxide,  which  was  the  refidue  of  the  fuU 
«xide olytsiacd     phuric  acid  folution,  was  really  an  oxide  of  cobalt,  with  the 
was  cobalt,         \'ague  precept  of  Iiealing  the  oxide  acquired,   without  the 
ine  of  heat  to   '^^^  direction  relative  to  the  degree  cf  the  fire,  and  the  qih 
^  ufeii,  certa'uuy  which  he  k'a\  cs  of  the  degree  of  iirength  of  tha 

— iK>r  the  r  I    L 

ftrength  of  the  -  ■  lulpUur* 

fulphvjric  acid  . 

efr.p''>}  rd. 
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tacid  which  be  ufed,  altogether  throw  doubts  on  the 
fi  u(*  the  procef*  iiidicaied^  which  the  following  expe- 

piy  elucidate, 

portioa  of  tbe  carbonic  oxide  of  nickely  A  -W  was  Ziperimenu  oa 
I  dohug  an  hour  in  a  (Iroog  lire  to  a  red  heat  approach-  p^jf,^"*"**^ 
lite  beat.     The  oxide  while  hot  was  of  a  browniffa 
i  after  cooling  it  aiTamed  a  grey  colour  inclining  to 
,  l{at  flot  yellow.    The  oxide  obuined  by  the  evapo- 
14,  baying  been  treated  in  the  fame  manner  was  fiiJl 
Bore  grey  than  the  preceding.     The  carbonic  oxide  of 
RRas  placed  again  for  half  an  hour  in  a  white  heat ; 
M  it  wa<  yellow  inclining  to  brown*  but  when  cool*-  it 
J  inclining  to  bruwniOi  yellow, 
lirty  graini  of  ihis  oxide  made  red  (hot),  were  put 
i  hoars  to  digeH,  wlih  ninety  grains  of  pure  fulphuric 

tbe  fpecific  gravity  1,360.  B.:ing  then  healed,  the 
nediaiely  fA'clIcd  up  ^viih  an  exp!o(ive  noife,  and  ex- 
m  yellow  fuhilance  inrlining  to  a  green  ;  by  means  of 
o  jwilh  halt  an  ounce  of  water  it  was  dilfolved*  ex« 
Nit  u  grain  of  a  yellovvi(1i<grcy  powder,  which  proved 

OKide  of  nickel  mixed  with  cobalt  and  a  little  dirt, 
ive ^grains  ui  oxide  of  niLlei,  (obtained  by  heating 
lO  leJnefs  60  grain<  of  ammonical  nitrate  of  nickel  ' 
i  by  evaporafiiiiOt  aifuriicd  the  fame  refult,  and  the 
enomena,  on  hcin^  treated  in  ilic  fame  manner :  The 
ide  being  heaied  for  liait  an  hour  to  whilcnefa,  uling 
ows  at  tiie  fame  time,  did  not  afford  a  yellow  mafs, 
of  a  yellowiQi  grey  inclining  to  a  green,  which  had 
s  e&^  with  fulphuric  acid  Uut  has  been  already  re- 

le  experiment  was  again  repeated  with  diluted   ful-  The  experiment 

icid  :   160  erains  ot  ammonical  oxide  of  nickel,  which  >^P«»<*  *'*>^ 
■    •         1  ^  r  1  /•   ,  ^     diluted  lulphtt* 

in  precipitated  from  many  loluiion'?  were  expofed  for ric acid, 

hour  to  the  mod  violent  while  heat,  under  the  ope* 

>f  the  bellows,  after  which  they  weighed  73  grains. 

)flance  was  of  a  greeni(h  yellow  iiere  and  there,  and 

eilb  grey  where  it  touched  the  crucible ;  being  broken 

cod  a  black  grey  powder.     It  was  mi\ed  with  a  dram 

luric  acid  diluted  with  five  drarn^  of  water ;  at  that 

here  was  a  rapid  difengagemcni  ol  ga>,  and  on  heating 

ture  it  evidently  gave  oat  hydrogen  gas.    After  a  fufli- 

cicnt 


efenf  eboAiimit;  w^ter  was  added,  and  the  fohifioil  detiaiUdJj 

The rtfidue oxide  off  ctear.    The  refidtie  was  treated  airaiii  with  weak  fnlpho*'* 

wirh  oxiWof  *  ric  acid,  and  Ihcn  gave  a  refidue  of  leu  grainf  which  wwi  by 

ft>batt.  no'  mear/s  oittde  of  cobalt,  but  oxide'  of  nickd  miKetl  with 

coSialt,  as  its  fotution^  tn  the  acids  and  in  ammohia  pixnr^* 

The  two  f^rere^ding  folutions  viHere  each  fepafafely  aiudyfed 

by  pore  potaik,  artd  the  precipitate  Was  befides  belled  widi 

Xach  •f  die  pre- M  excefs  of' potash,  and  thert  waflied  and   dried*    «Ai  ihl 

cipitatetof  the  proof  eacH' of  the  predpKates' afforded  cobalt,  wbicb^  ^^^as  d^ 

fboTaffdrd  ^    '^'•y*  moftpuririn  that  of  the  firft  folation ;  for  the  folution  iA 

«iWt.  fneriatic  at^fd,  Iktd  on  paper,  and  heated,  inclined  perceptibly 

(6  a  ydlbw,  While  the  preci|)icate  of  the  fecond  fobtioivprvf^ 

duced  a  Anin  of  a  clear  and  pure  greed.     It  is  firatige  Chst 

thft  firft'  fofuiion  afibrded  more  oxi^muriatic  acid-thaa  the 

fecond. 

Thefeexperiments,  and  others  made  by  the.anthor,  batndlf 
related,  prove, 
--         ^^  A.  That  the  oxide  of  nickel  heated  either  flightly  or  vitv 

neotf  prove  diat  lofitly  dbes'  not'  afTume  a  yellow  colour ;  and  if  this  colour 
J^'^^'^^I^J^was  obftirved  by  M.  Schnaubert,  it  muft  have  been  caufed 
yeHow;  caufeof  by  (biiie  fubftances  which  entered  into  the  compofition  of  tbi^ 
themtftakeof  oxfde,  or  perhaps  by  the  mixture  of  a  little  arfenic. 
m  thli  point.  B*  That  it  is  impoffible  by  M.  Schnaubert's  method,  to  obtsrif 
It  is  not  poifible  3ti  oxide  of  nickel  exempt  from  cobalt ;  iince  it  does  not  even 
to  obtain  pure     eflfea  a  feparation  of  the  two  oxides  fo  for  as  to  be  peroeptibl^' 

nidcelinhit       ,     ..  *  f         r 

way.  *«>  ^^^  «ye- 

C.  M'.  Bucholz  hints  here  at  feveral  experiments  he  madtf 

with  a  view-  to  find  an  acid  which  would  farm  to'  infolubfif 

fait  with  one  of  the  oxides^  and  one  eafy  of  folutioir  with  thif 

other,  but  which,  as  they  did  not  fucceed,  he  does  not  meiw 

M;  LchanaV   tion ;  and  as  the  method  propofed  by  Mr.  Lehman  (in  the 

Trtttrteftfittr  aad  Cadmiologia,  part  II9  page  110)  of  fufing  fifteen  or  twenty 

cxpenfive^  aad   times,  to  a  commencement  of  vitrification,  a  mixture  t>rn{ckrf 

troublefome .  and  expenfive,  as  would  that  alfo  indiciiled'iiy^ 
Bergman  {Opvfcul^  Phyfic,  et  chem,  Vol.  II.  p.  246— 249)rf 
repeating  the  fofion  three  or  four  times  with  from  8  to  19ttmesf 
the  quantity  of  pure  nitre.  The  procefi  indicated  A  4,  (cdn^ 
fifting  of  a  partial  decompoHtion  of  the  ammonical  rritM(l}  dl 
tlie  proceff  A  4  Dickel),  alooe  remained  to  be  repeated.  For  ihis'perpdftf 
«P««*^  oxidsr 
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oxide  of  nickel,  (which'  w»s  fepAnited  from  tke  triple  fttt, 
n0^  djiI(4fieiL atf  ihe  firft  efteporalion^  by  cacbonaUe  of  potaih, 
westr<eMc4  repeatedly,  (inluoh  » manner)  that  after  diflolving 
il. IQ.  nilric  acid,  receurfey  wa»  bad  Lo- tiie  u(e  of  aronnonia  aiid 
emporation  as  before  defcribed.  In  this  nnethod  was  obleined, 
eniicelyr  free  from  cobalt,  an  oxide,  feparated  by  potalh*  f^om 
lh«:lrJiple  fall*  which  had  been  redtiTolved  after  evaporanion^ 
ipd  which>oxtde  had  (he  properties  mentioned  in  the  memoip 
prioledin  the.fecond  volume  of  the  Annales  de  Chimie. 

The  oxide  which 'was  feparated  by  evaporation  from  the  The  oxide  en- 
ammpniacal  nitrate-  of  nickel,  was  in  the  laft  operation  en-  ^^j^*^?3, 
tMy;  freed  from,  cobalt ;.  it  only  contained  a  fHIl,  ai  bai  been  opentkn. 
cjhfiu'v^!,  a  little  nitric  acid.     The  oxide  of  nickel^  which, 
aCLer  haying  heen^  laid- bans- by.  evaporation,  ftill  oontainaco- 
belti  may  naturally- undergo  tlie  fame  operation  over  again. 

This:  metliod  may  be  made  ufe  of  untill  one  more  expedi-  This  method  re« 
tiooi  is  difcavercd  by  further,  experiments,  fince  it  does  not  *°™™*J**'**  ^^ 

n  /-  .       .  •  r     t  it       I  '"*  prefent, 

ocoauoo.any  ODPuderableexpence,  for  by  potain,  the  evapo*  the  ammonU 
ivition  of  the  amnmnioal^nitrate.of  nickel  roayi>e  elfe6t6d  in  a«"^7-^f**«^ 
iMtoftg.  aod.alfo  tlie  fubfequent  deoompofition  of  the  triple-pro^ 
-fait,  and  thus  the  ammonift  maybe  feparated  for  other  ufet; 
in  like  manner,  in  works  on  a  great  fcale,  a  part  of  the  nitre  and  theaitie 
wmf  be-recovered-ftwn  the  laiPoperation,  by  (he  evaporation ^^°^"***" 
of  the  water  i  n  which  the  fuhftance  has  been  waQied. 


XVUI 

Sugar  prepared  from  Beetf.    By  "M.  Hermbstadt.* 

X  H£  method  of  M.  Achard  for  ex( rafting  fu'gar  from  beets, 
wa^  fo  expend ve,.  that  it  was  of  no  advantage,  for-  common.   . 
i^fe.    &£,  Hermbfiadt,  of  Berlin*  has  praflifed.  another  me»  ' 

tho(],  which  is  eaiily  performed,  and  affords  hopes  of  ren<- 
defing  thil  fugar  cheaper  than  that,  from  the  fugai-cane; 
Wbicb  is  as  foUowt: 

AAer having  bruifed  Ihe  beets  in  a  moFtar,  M.  Hermbfladt. 
fbbiqits.them  to  iHe  opeiation  of-  a  prefs,  to  exHaft  the  juice  The  expreflcd 
from  them;  which  is  then  placed  in  veffeN,  arid  clarified  wi(h|^^*^^^f  ^*|^*^^ 
lim^  IB  the  ikme  maoser-as  .cimc-fugiir%  by  lime, 

•  8onnim*s  Journal,  Tom.  II.  p.«Q($1; 

When 
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1^  then  evap0«  When  (his  operation  ii  fintlhed,  the  liqaor  is  evaporated  to 
A^ftul^th  ^^^  confidence  of  a  fy  rup :  It  is  then  left  to  cool,  and  a  courf€ 
produced  on  fagar  is  obtained,  of  a  dark-brovvn  colour  :  At  the  bottom  of 
••*^*"i»  the  veflel  a  fyrup  remains,  which  may  be  ufed  for  domeilic 

porpofes, 
Fram  loo  lb.  of     From  100  pounds  of  the  coarfe  fugar,  eighty  pounds  of 
»l!*K*^'fiS  ^*^^  cryftallized  fugar  are  obtained  by  the  firft  refining,  which 
foftrmi7beol>-^ug>r ''  not  &(  all  inferior  in  quality  or  whitenefs  to  that  of 
tidaed.  the  cane.    The  whole  operation  may  be  completed  in  two 

days. 

It  IS  piobable  The  particular  fpecics  of  beet  which  M.  Hermbfladt  ufed 

*• ''V"**^*  in  his  experiments,  is  not  mentioned  ;  but  it  is  mod  probable 

non  field  beet,   (hat  this  chemifi  made  ufe  of  the  common  field  beet,  known 

or  root  of  fcar-   iq  Germany  by  the  name  of  mangel  uorttcl,  the  cultore  of 

^^'  which  is  fpread  through  many  cantons  of  Germany.    Thit 

variety,  however,  contains  lefs  fugar  than  all  the  other  fpecies 

of  beets ;  and>  for  tiiis  rcafon,  M.  Sonnini  is  of  opinion,  thai 

if  fugar  can  be  obtained  from  beets  with  profit  and  economy, 

A  better  pra«     more  fuccefs  would  be  obtained  by  fnbmitting  to  the  operations 

Jjicenjbt be     defcribed,  the  fmall  red  beet,  called  in  France  that  of  Cqfile^ 

the  IfBdl  red  beet  "Oi^ry*  which  is  the  fweeteft  of  all. 
«fCaftlenau* 

^^T*  '    -  ■     ■  •  .  ■    ■  -^ 

XIX. 

i/telhod  of  flacking  Turnips,  to  preferve  them  through  the  Winter » 
By  Mr,  Juhn  Shirreff,  cj/*  Captain  Head,  near  Had' 
dmgton,  N,  Britain.* 

Rapa  fulo  moUi  et  aerc  humldulo  Ictantur^ 

PrererTttion  of  i^ATISFIED,  from  obfervation  and  experience,  that  tarnipi 

turnipi  thxoofh  jj^g  ,|j^  foundation  of  the  bed  hu(bandry  on  almoft  all  foils  and 
the  winter*  ^ 

fituntions  in  the  arable  diflrids  of  Great  Britain ;  and  that 

this  crop  fliould  always  be  drawn,  except  from  blowing  (andi« 

or  light  moorilh  foil,  on  both  of  which  it  (hould  always  be  iQ 

piart  confumed  on  the  ground  with  (beep;  convinced  atfo, 

*that  turnips,  if  poflible,  (bould  be  off  all  foils,  and  the  land 

*  Soc.  Arts,  1805*    The  premium  of  30  guineas  was  awarded 
for  this  m/Uhad.         ■ 

ploughed 
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ploughed  up  before  .the  middle  of  December,  at  the  latef^,  Pidervidoaof 
to  fecure  the  fucceeding  corn  crop,  and  gralTes,  pr  clovers,  ^"|^!^"'^ 
with  either  of  which  every  field  that  carried  a  turnip  crop 
the  preceding  feafon,  (hoald,  in  aliAoft  every  cafe,  be  fov^A 
down ;  and  imprelTed  with  the  many  high  advantages  at« 
(ending  this  pra6lice,  as  foon  as  my  pea  and  bean  ftubbfes 
are  ploughed  up,  and  fown  with  wheat,  my  turnips  are  be- 
gun to  be  drawn,  and  Hacked  up- ^r  ufe  during  the  following 
winter  and  fpring.  If  the  diftance  of  the  turnip-field  from 
the  homeilead  does  not  exceed  a  quarter  of  a  mile,  two  double 
borfe  carts  only  are  employed,  and  more  in  proportion  to  the 
diftance  of  the  turnip  field,  or  number  of  hands  you  may  be 
able  (o  command  to  carry  on  the  work.  One  clever  driver 
is  fufficient  for  two  carts,  and  two  for  three  carts,  &c.  one 
cart  being  always  in  the  field  loading  or  loaded.  On  being 
brought  home,  the  turnips  are  inflantly  tumbled  out  at  the 
flack ;  which  is  done  with  great  facility,  from  the  conflruc- 
tion  of  the  carts  in  this  diftrid,  which  to  convenience  and 
lirength  likewife  add  lightnefs,  to  enable  horfes  to  move  at 
■  fmart  pace  with  them  when  empty.  The  turnips  tumbled' 
out  of  the  cart,  are  trimmed  of  their  leaves,  and  cleaned 
of  any  earth  that  may  adhere  to  them,  by  women,  &c.  be« 
fore  being  put  into  the  flack.  Old  table-knives  do  very  well 
for  the  purpofe,  and  the  leaves  fhould  be  cut  off  clofe  to  the 
•root ;  the  back  of  the  knife  being  ufed  for  removing  any  pieces 
of  foil  |hal  may  flick  on  the  turnip. 

Women,  &c.  trim  the  turnips,  and  put  them  into  flrong 
coarfe  wicker  balkets,  to  be  carried  forward  by  a  man,  who 
hands  them  to  another,  who  lays  them  into  or  on  the  flack. 
The  ground  on  which  the  turnips  are  placed  ought  to  be  dry 
bottomed.  If  that  is  not  the  fort  of  foil  where  you  find  it 
mofl  convenient  to  make  your  Hack,  a  quantity  of  boulders 
may  be  put  on,  regularly  fpread  over  the  fpace,  to  the  thick- 
nefs  ef  at  leafl  eighteen  inches.  My  corn-rick  yard,  being 
dry  ground,  has  been  ufed  as  the  place  for  keeping  my  tur- 
nips in.  The  flacks  have  been  made  about  ten  feet  wide, 
by  driving  a  row  of  (lakes  into  (he  ground  parallel  to  the 
wall  of  the  yard,  which  ferves  inflead  of  another  row.  The 
wall  is  only  about  five  feet  and  a  half  high,  and  the  flakes 
are  driven  to  the  fame  height.  The  infide  of  the  wall  and 
fiakes  are  lined  with  compad  bunches,  or  fheaves  of  wh^t- 
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Rraw,  ibout  Ion  inches  in  [(i«melcr,  placed  horizonli 
the  ground  or  boulden,  atid  introduced,  at  war 
Ibe  operation  of  (lacVing.  A  lire  of  the  largeil  lumi] 
placed  one  abuve  another,  on  the  infide  of  tbe 
ftraw,  more  particularly  on  the  Tide  guarded  by  tin 
till  the  pile  reaches  the  height  of  hve  ti^ei  from  the 
or  from  tbe  boulder*,  if  il  ha»  been  found  ncctflVry  1 
any  over  the  ground.  The  inner  part  of  ihe  flack  U 
fame  lime  gradually  made  up  with  luiiiipi  put  in 
cuoufly;  along  wlilch  a  plank  is  laid,  and  occoJlonally 
w  the  pile  rifes  for  ihe  man  who  buildi  the  flack 
on  without  bruiling  the  turnips  with  hii  (Iioes.  W 
pile  of  turnips  ia  reared,  in  (he  manner  defcribed, 
height  of  above  live  feet,  it  it  gradually  contrafied  i 
on  both  fides,  at  an  angle  of  about  forty-iive  degn 
the  roof  of  a  barn;  the  largeft  lurnipn  being  flitl  pil 
Ibeouifide,  till  Ihe  roof  is  fu  far  corapteled.  The  fl 
every  day  fo  far  liniQied  in  height  as  il  is  extended  in  . 
and  il  coTcred  with  wheal  fltaw  ihaich,  roped  don 
twilled  bands  of  oat-flraw  before  evening,  lo  fecu 
flacked  turnips  from  rain  that  niay  fall  during  the  night, 
ihalch  ii  laid  on  a  fool  thick)  and  fccured  in  the  fame 
e&e^ual  maoner,  that  corn-ricki  are  covered  in  Nonhumbl^ 
land,  Berwicklliire,  and  the  Lolhians ;  with  this  diSeroKB 
only,  that  the  flraw  is  four  times  as  thick  laid  on  the  luiiu|t 
ml  on  Ihe  corn,  lo  exclude  cold  as  well  as  wet ;  and  that 
(here  U  a  rail  of  wood  flrelched,  hanging  boriKontally  U  ihi 
lops  of  the  wall  and  l^akei,  to  fi:^  the  Draw  ropei  to,  which 
li^ure  the  thatch  on  the  flack.  The  end  of  Ihe  flack  il  evmtf 
nighl  covered  with  bundles  of  wheat-flraw,  which  are  remfwed 
next  day,  or  when  building  recommences. 

Three  men  are  employed  in  the  Held  lo  load  and  difiK^lt 
Ihe  carls,  occanonally  afSfling  tour  women  who  dravr  (hi 
turnips,  Driking  otT  the  lop  root  with  a  flrong  heavy  knifei 
leaving  the  turnips  on  Ihe  tops  of  the  drills  as  drawn  an(t 
chopped,  with  the  leaves  all  in  one  direOion,  lo  be  readily 
laid  hold  of  by  ihe  men  who  lift  them  up  to  ihe  cart.  Tbe 
horfes  pafs  along  In  tbe  (pace  between  ihe  two  rows  or  dritla 
of.  ihe  lurnipi,  which  may  be  drawn  :  and,  being  at  Ihirljr 
iiiililie]  apart,  and  the  extremities  of  the  wheels  about  five 
^l  fiom  each  other,  it  is  evid«o(  a  wheel  runs  in  Ihe  (Diddle 
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of  each  fpace  between  the  coDtignoas  drills,  withoat  injuciiigPk«(ccncioaor 
the  turnip,  whether  drawn  or  not.     When  the  cart  it  about  STt^fcttr**^ 
to  turn,  after  beinij  loaded*  (he  aoen  move  the  turnipi  to 
make  room  for  tbe  borles,  putting  them  ioto  the  cart  as  par( 
of  the  load. 

Etpeneeitf  drawing,  carting,  trimming,  ftackif^^  covering,  ifc* 
a  JtatuU  acre  qf  good  tumif,~^t  the  difianct  cf  ma^  m^re 
than  a  quarter  of  a  mikfiam  thejtack. 

Two  doable-horfe  carte,  and  one  man 
Two  men  loading,  drawing)  building,  &c. 
Set  en  women  drawing  and  trimming 
Two  giflf  trimming       •        ^        -^        •        • 
Four  ditto  and  bejrs  ditto    •        -        •        •        • 
Twifting  ropei,  drawing  tbatcb,  thatching,  wafte 
of  thatch,  ftakeS|  &c.  fay  •        •        • 

1   H    7 

The  above  is  a  fair  average  of  the  expence  of  fecurihg 
fomewhat  more  than  twelve  and  a  quarter  ftatute  acret  laft 
feafon,  which  wai  all  I  drew;  and  one  field  of  twoacren,' 
one  rood,  thirty-three  perches,  was  fo  hf  dillant  as  to  re* 
quire  three  carts,  and  two  drivers.  That  field,  however^ 
was  firft  drawn,  and  the  weather  being  fine  and  moderate, 
nore  work  was  done  in  proportion  to  the  length  of  the  day, 
which  was  alfo  longer.  Women  and  children  cannot,  in- 
deed, exert  theinfelves  with  fpirit,  in  raw  cold  weather, 
OAober  is  perhaps  the  bed  month  to  draw  in.  It  is  a  quef- 
tion  with  me,  whether  the  average  of  the  acres  that  are- 
under  turnip  in  the  ifland,  if  the  weight  exceeds  twenty- 
four  tons,  does  not  coft  more,  merely  for  drawing  and  carting 
only.  When  it  is  confidered  that  this  operation  is  performed 
often  in  cold,  frofiy,  and  fiormy  weather,  and  that  frequently 
much  fnow  may  be  to  be  removed  before  the  turnip  can  be 
feen*  If  no  fnow  *has  fallen  before  the  frofi  fets  in,  the 
turnips  muft  be  hoed  up  with  inftruments  for  the  purpofe. 
Many  art  cot,  and  much  left  in  the  ground  of  the  lower 
part  of  the  root.  After  all  this  labour,  what  is  obtained  is 
frequently  no  better  than  a  lump  of  ice,  environed  with  earth, 
frozen  fo  firmly  to  its  furface,  that  nothing  but  thawing  in 
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Pifiktn^en  of   cdIj  water  can  ever  render  it  fit  to  be  touched  by  the  mouth 

dicwincu'.        of  any  animal  whatever. 

Admitting,  however,  the  expence  of  drawing  and  carting 
to  be  the  fame,  all  that  can  be  dated  at  extraordinary  ex- 
pence  is  the  cofi  of  trimming  and  facktng,  which  amounts  to 
]  1 1.  3d*  an  acre.  On  the  other  hand,  we  have  the  advantage 
of  ^having  fine  fre(h  clean  turnips,  always  fecure  and  at  com- 
mand, to  carry  on  feeding  and  breeding  flock ;  at  the  fame 
thne.that  pll  lofs  by  rotting  in  the  fpring  months  is  prevented, 
which  is  frequently  thirty  and  even  fifty  per  cent,  on  all  the 
crop  that  remains  in  the  field,  after  the  firfl  of  February. 
Above  all,- the  .pradice  of  drawing  and  flacking  before 
i«rinter,  by  admitting  of  early  ploughing  to  mellow  the  foil» 
ffpcuQes  a« valuable  corn,  and.fuoceeding  clover  crops*  When 
•II  thefe  circumflancet  are  maturely  weighed,  the  expence  of 
elev^  fliillings  and  three-pence  will,  Jo  every  enlightened 
egffCttktirtfl,  appear  but  trifling  to  obtain  fuch  \ery  valuable 
advantages.  The  writer  of  this  little  eflay  has  had  the  fatis- 
fftdion  of  having  excellent  crops  after  bis  turnips,  this  feafon; 
while  almoft  every  other  crop  in  the  neighbourhood  was  in* 
different ;  and  feme  on  rich  dry  loams,  high  rented,  by  being 
fown  in  the  month*  of  April  and  May,  on  the  fpring  plough. 
iog,  after  turnips  eaten  off  with  flieep,  were  fo  miferable,  as 
evidently  to  pay  nothing  after  expences  of  labour,  feed,  and 
reaping*  The  young  clovers  too,  fown  with  thefe  crops. 
have  almofl  entirely  periflied  (torn  want  of  moiflure.  The 
]pfi  of  the  crop  and  clover  feed  is  not  all :  the  fyflem  fuffers  a 
derangement,  the  confequences  of  which  none  but  pradical 
men  can  calculate. 

One  thing  remains  to  be  noticed*  which  is,  that  twenty-fix 
young  cattle,  cows,  and  yearling  calves,  were  kept  nearly 
three  weeks  on  the  turnip  trimmings,  with  oat-flraw  along 
with  them,  to  their  improvement;  and  that  many  more  might 
have  been  kept,  had  they  been  provided  in  time.  A  quantity 
of  good  manure  was  made ;  and*  eflimating  all  advantages 
arifing  from  the  confumption  of  the  leaves  in  this  way,  at  no 
more  than  3d.  a  head  per  night,  for  the  keep  of  each  bcaf^, 
the  amount  will  exceed  the  expence  of  trimming  and  flacking 
the  whole  crop  of  turnips  on  twelve  acres  and  a  quarter. — 
The  leaves  that  remain  on  turnips  after  Chriflmas,  are  either 
mifit  to  be  eaten,  or  wafled  by  the  frofls. 

T.  SHIRREFF, 
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AceawU  <f  fimt  SpecmaiM  qf  Ba/hltet  from  the  northern  Coafi 
qfAnirim.    By  ike  Rev'.  Dr.  William  Richakoiov** 

1  H£  Reverend  Dr.  WiU»m  Richardfon,  late  F.  T.  C.  0«  Rcnurkt  m  i 
having  fent  to  Dr*  Hope  a  coUedioo  of  fpecimeiisfirom  the^^^[^^[^ 
aorthera  cx»ft  of  Antrim^  with  a  catalogae  and  obfervations^  triou 
the  fpecimens  were  exhibited,  and  the  obfervalkms  vrere 
read  in  the  Royal. Society «  March  1803. 

Siliceoui  Bqftik^ 

Dr.  Richardfon  diibovered  the  foffil  to  whieh  he  gives  this 
name,  in  the  peninfula  of  Portrafb,  four  or  five  years  ag«. 
It  abounds  alfo  in  the  Skerry  iflands,  s  leef  of  rocky  ifloCs 
extending  from  the  northern  point  of  Portni(h-head  for  about 
a  mile  eaftward.  A  fmall  part  of  every  one  of  thofe  iOots 
is  formed  of  this  (lone,  while  the  remainder  conftfls  of  coarfe 
bafaltj  fimilar  in  all  refpe£ls  to  that  on  the  ead  fide  of  the 
above-mentioned  peninfula.  It  is  met  with  in  one  or  two 
other  places. 

This  fione  is  arranged  in  Hrata/from  ten  to  twenty  inches 
thick,  all  (leadily  parallel  to  one  another,  and  every  Aratum, 
as  far  as  can  be  obferved,  preferving  an  uniform  thickneb 
ihroogh  its  whole  extent.  When  thefe  (Iratfa  are  quarried 
into,  they  appear  to  be  conftru6ted  of  large  prifms,  generalljr 
pentagonal,  which  when  broken  divide  into  fmaller  prifms. 
This  internal  prifroatic  conftnidion  frequently  gives  an  irre- 
gular or  (hivery  appearance  to  the  fradure,  which  however 
is  often  conchoidal,  and  the  grain  as  uniform  as  in  the  Giant's 
Caufeway  bafaltes. 

The  beds  of  this  foilil  are  remarkable  for  containing  marine 
exuviae  in  great  abundance,  particularly  imprelfions  of  cornua 
ammorm.  The  flat  fhells  and  iropreifions  contained  in  thefe 
ilonei,  are  fleadily  parallel  to  each  other,  and  perpendicular 
to  the  axis  of  the  prifms.  It  mufl  be  obferved^  that  the  prif- 
matic  conflru6lion  is  never  interrupted  by  the  (liells  difperfed 
through  it;  the  planes  which  feparate  the  prifms  paffiog 
equally  through  the  (liells  and  the  flone  itfelf. 

•  Edinburgh  Tianf.  Vol.  V. 
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lie  The  |rain  of  ihii  flone  pafTei  by  infeiifible  (hsHei  from  ■ 
high  diigree  oi  fineneh,  until  it  become  undiflinguifbahle  frata 
iJial  of  llie  common  columnar  baTallns, 

Tic  name  of  Siliceoui  Bafalt,  which  Dr.  Ridiardron  en- 
plily*,  wBi  fifll  ^vM)  10  \\,»  Ibmi  by  Mr.  Pidcl  of  Ou 
wben  he  vililcd  Porliulli,   in  a  lour  Ihrou^li  Irelani 
■go.     He  eonfldeced  it  ai  a  variety  of  barali,  c 
greater  pntpottion  offiUca  lltan  uTual, 

The  ftrala  of  filic«ou*  barall,   bolh  at  Porirulli  and^ 
Skerry  in and^,  goiMally  alternate  wuh  (Irata  of  equal  I 
nefi  of  a  coarfe -grained  bafalt  or  a  grey  colour.     Th«  i| 
teriala  ot  the  llrara  grow  into  each  ulliei,  (o  bi  to  form  I 
folid  mifi,  from  which  it  is  eafy  to  quarry  piei 

SfM  of  the  two  flrata,  wUh  a  part  of  each  adhcringj  bul  II 

eraffe  bafall,  at  it  approidie*  very  near  to  the  fine,  always 
■baieii  fumeMhat  of  ill  oar  fen  cli  ;  yet  Ibe  Ibie  of  demarcation 
h  Mt  completely  dtflmA. 
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FoK  the  firii  time  an  aln 
'   linuple,  qndcr  the  dire^in 


.anacic  has  been  printed  at  Conllan^ 
1  of  Abdorahtnan.  The  printing. 
ofBce  wat  ellablifhed  in  1716,  by  Said  (who  had  been  at  Pari* 
with  hit  father,  the  ambalTador),  and  by  Ibrahim,  an  Huaga- 
riin  :  Achmel  the  Third  patronized  Ihent,  ard  ihey  printnk 
Biony  books:  bul  an  almattack  wai  never  before  printed.    ^^| 


ObfeTvalorjt  at  Bararia,  -^H 

The  EleAor  of  Bavaria,  a  few  months  before  the  arrival  of 
the  French  armies,  caufed  an  obfcrvalory  lo  be  erefled  in  lira 
neighbourhood  of  Munich.  The  fiiualion  chofen  lor  ill  con- 
flni^ion,  takei  in  an  exieiifive  horizon.  Proftflur  Seyfcr,  a 
celebrated  aflronomer  of  Gultingen,  was  nomitiated  direAor 
of  ihitcdtLblifhmcnt. 
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Ejtaiiijkmnts  for  Natural  Fhilofapkj/  in  the  Ukraine. 

Hw  rich  land-owners  in  the  Ukraine  and  Volhinia,  have  EftibnOiaieiit 
CBBlribaled  largely  for  the  eflablifliment  of  Lyceums    for  ^^^',[11  ^' 
teadiing  nalaral  philofophy,  at  Krz<*minicOf  and  at  Winnica.  Ukraine. 
Tbe  Hirwy  and  phtiofophica]  apparatus  of  the  King  of  Poland^ 
hare  been  parchafed  for  this  purpofe^     M*  Sniadecki  hat  re. 
caied  a  fam  equal  to  500/.  to  parchafe  telefcopes  and  clocks.; 

§ad  BO  expence  ia  to  be  fpared  in  properly  furnifliing  the  ob- 

renraloriet  with  inflruoeots. 

Obfervutory  at  Mojkow. 

M.  Goldbachy  an  able  aflronomer  of  Leipfic,  has  been  no->  Obfemiory  ii 
ninMed  profeiTor  of  the  univerfity  of  Motkow,  with  a  falary  ^'^''^*'*^* 
equal  lo  230/.  He  is  to  have  the  dire^ion  of  the  conftrodion 
of  a  new  obfervatory,  to  furni(h  it  with  inflruments,  to  make 
regular  obfervations,  and  to  inflraft  fome  young  men  in  prac* 
tical  aftronomy  who  have  been  prevloufly  intruded  in  the 
preparatory  fciences,  and  to  give  a  courfe  of  ledures  in  theo* 
retiral  afironomy  in  one  of  the  halls  of  the  Univerfity.  t 

They  poflfefs  many  of  Cary'it  telefcopes,  of  different  powera  ; 
in  excellent  aflronomical  clock ;  a  chronometer,  made  bj 
Arnold  j  a  portable  circle,  of  one  foot  diameter;  and,  it  was 
reported,  bad  ordered  one  of  three  feet  diameter  from  the 
(iacceiror  of  Mr.  Ramfden :  Thus  M.  Goldbach  will  be  pro« 
vided  witb  every  inftrument  neceflary  and  ufeful  to  aHronomy, 
at  the  obfervatory  of  Molkow. 

M.  Goldbach  has  taken  the  opportunity  of  his  journey,  to 
determine  the  pofition  of  fome  towns ;  among  others  that  of 
Riga,   1*  27'.0,  and  ^S""  57'.S. 

At  the  fame  time  that  M.  GolHbach  h  engaged  with  the 
aftronomical  eflablifhment  at  Mofkow,  MM.  Schubert  and 
Wifniewlki  are  employed  at  the  obfcrvaiory  of  Pelcffburgh; 
and  there  is  reafoo  to  expedl  a  feries  ot  obfervations  from  that 
part  of  the  world. 


Solar  Tab  Us. 

A  fet  of  tables  of  the  fun,  compofed  by  M.  Delambre,  have  Solar  Tablet. 
been  printed  at  Paris,  in  which  there  are  many  new  equa- 
tions. 
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tkmSy  ind  of  whidi  mH  the  elementary  parts  have  been  verified 
by  new  obfervationt.  A  fet  of  tables  of  the  moon's  motion 
are  alfo  to  be  printed,  and  when  they  are  completed^  thofe  of 
Che  planets  will  loUow. 

Befu^  qf  Emeft  the  Second  reUtive  to  his  Objervaiory. 

InefttheSe-  ZrteR  the  Second,  late  Dnke  of  Saxe^Gotha.  was  remark- 
toWt'JhSm^  ^^  attached  to  aftronomical  ftudies.  He  made  obfervations 
togy«  and  caTcolad'ons  himfelf,  affifled  in  compk)fing  books^  on  thef 

fubjeft,  and  furniihed  the  funds  for  their  publication.  He  en- 
abled M.  Zach  to  meafore  a  degree  of  the  meridian  in  Ger- 
many, and  defrayed  the  expences  from  his  private  purfe ;  fo 
(hat  he  united  to  the  merit  of  a  connoifTeur  in  the  fcience, 
that  of  an  author,  a  patron,  a  man  of  fcience,  and  of  a  gene- 
fous  prilU:e. 

He  left  in  his  will  a  fum  e<iual  to  about  1 330/.  to  form  a  fund 
for  the  maintenance  of  the  obfervatory  of  Seeberg,  near  Go- 
tha,  which  was  built  out  of  his  own  private  eftate ;  and  or* 
dered  his  fucceflfor  to  ereS  no  other  monument  to  his  fame« 
but  the  careful  fapport  of  this  e(lab!i(hment. 
.  Baron  de  Zach,  who  has  given  a  copy  of  the  will  in  his 
Journal,  adds|  **  That  he  can  aflure  the  lovers  of  fcience^ 
that  the  will  of  the  father  will  not  only  be  fulfilled,  but  fur* 
paired  by  his  fucceflbr,  the  prefent  Duke  Emilius  Leopold 
Auguflnsi  who  has  already  (hewn  the  mod  marked  proofs  of 
his  attachment  to  the  fciences. 

''  In  a  codicil  to  the  will  the  Duke  repeated,  '  I  forbid  ex* 
'  prefsly  the  elevation  of  any  monument  to  my  memory,  or 
*  even  an  epitaph^  or  any  monument  at  or  near  my  tomb/' 
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NATURAL  PHILOSOPHY,  CHEMISTRY, 

AND 

THE     ARTS. 

APRIL,    1806. 

ARTICLE   L 

LMcr/ram  T«  Youmg^  Ai.  D..  F.  R.  S.  hfc,  claiming  the  Lamp 
d^tnhed  in  our  lafi  Number,  and  demanding  an  Expknuuion 
Jram  ike  mionymam  Communicator. 

To  Mr.  NICHOLSON* 
SIR, 

1  WAS  flStich  furprized  on  feeing)  a  few  days  ago,  the  figure  Concerniaf  Um 
of  m  lamp  oonlained  in  ihe  fourth  plate  of  your  Number  for  ^^^^  ^  * 
February  laft.  I  truft  you  will  be  convinced,  upon  infpedlion 
of  the  Hgure  which  I  now  fend  you^  and  which  was  engraved 
before  Chriftmas,  that  your  correfpondont  A.  F.  rauft  have 
copied  his  lamp  from  that  which  is  here  reprefented ;  and  I 
am  fare  you  will  think  I  have  a  right  to  demand  a  public  ex* 
planation  of  the  manner  in  which  he  procured  a  fight  of  a 
plate  not  yet  publilhed,  and  of  the  motives  which  induced 
bim  io  make  fo  unjufiifiabie  a  u(e  of  it.  I  (hall  referve  the 
complete  explanation  of  this  lamp  for  the  work  to  which  the 
plate  belongs,  which  has  been  long  in  the  prefs,  and  which 
will  foon  be  ready  for  publication ;  I  fliall  only  obferve  that 
Vot.  Xni.— Arait,  ISOG,  X  it 
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it  i«  in  a  great  meafure  free  from  the  inconveDience  which 
A.  F.  has  attributed  to  it,  (p.  168)  and  that  the  *«  rmall 
fliaded  circle"  is  not  a  *'  perforaiion/'  but  a  weight  attached 
to  the  counterpoifei 

I  am.   Sir, 

Your  very  obedient  Servant, 

THOMAS  YOUNG. 

Welbec  Street, 
March  15,  1806. 


Mixed  elafttc 
fluids  of  dif- 
fetent  deniitiea 
do  not  feparatte 


but  will  diey 
mis  without 
agitation* 


Dr.  Prieftlej 
thiaks  not. 


IL 

On  the  Taidcncy  qf  Elaftic  Fluids  to  Diffufion  through  each 
othcr^    By  John  Dalton  *. 

IM  an  early  period  of  pneamatic  chemifiry  it  was  difoovered 
that  eladic  fluids  of  different  fpeciiic  gravities  being  once  dif* 
I  fufed  through  each  other,  do  not  of  themfelves  feparate,  hj 
long  (landing,  in  fuch  manner  as  that  the  heavieA  is  foond 
in  the  lowed  place;  but  on  the  contrary,  remaih  in  a  fete  of 
uniform  and  equal  diffufion. 

Dt,  Frie/lley  has  given  us  a  fcdlion  on  this  fabjeft  (vid. 
Experiments  and  Obfervationsy  &c.  abridged.  Vol.  II.  p.  441) 
in  which  he  has  proved  the  fact  above-mentioned  »  »  fatis- 
fiidlory  manner ;  and  every  one's  experience  fince»  as  fitf  as 
I  know,  has  coincided  with  his  conclufions.  He  has  oot 
offered  any  conjedlure  concerning  the  caufe  of  this  deviatioa 
from  the  law  obferved  by  inelaftic  fluids ;  but  he  faggefta  thai 
**  if  two  kinds  of  air  of  very  different  fpecific  gravities,  were 
put  into  the  fame  vcfllel,  with  very  great  care,  withoot  tlia 
leafl  agitation  that  might  mix  or  blend  them  together,  thej 
might  continue  feparate,  as  with  the  fame  care  wim  and  tMCsr 
may  be  made  to  do/' 

The  determination  of  this  point,  which  feems  at  iiift  view 
but  a  trivial  one,  is  of  confiderable  importance ;  as  firo»  si 
we  may  obtain  a  (Inking  trait,  either  of  the  agpeeneal  or 
difagreement  of  elaflic  and  inelaftic  fluids  ia  their  mataal 
action  on  each  other. 


♦  ManchefterMemoirt^  Vol.1.  Hew  Series, 
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It  IS,  therefore,  the  fubjed  of  the  following  experiments  Inquiry  by  a- 
fo  afcertain  whether  two  elaftic  fluids  brought  into  contad,  SJJJS^^cqo- 
could  intermix  wilh  each  other,  independently  of  agitation,  trary* 
The  refuit  feems  to  give  it  in  the  affirmative  beyond  a  doubt, 
contrary  to  the  fugis^edion  of  Dr.  PrieHley ;  and  eftablifties 
this  remarkable  fa^^    tftat  a  lighter  elaftic  fluid  cannot  reft 
upon  a  heavier,  as  is  the  cafe  with  liquids ;  but,  they  are  con« 
flantly  a6tive  in  ditfufing  themfeives  through  each  other  till  an 
equilibrium  is  efftded,  and  that  without  any  regard  to  their 
fpecific  gravity,  except  fo  hr  as  it  accelerates  or  retards  the 
efieft,  according  to  circuro (lances. 

The  only  apparatus  found  neceflary  was  a  few  phials^  and  Apparatus* 
tubes  with  perforated  corks ;  the  tube  moftly  ufed  was  one 
ten  inches  longi  and  of  ^  inch  bore ;  in  fome  cafes  a  tube 
of  30  inches  in  length  and  ^  inch  bore  was  ufed  ;  the  phials 
held  the  gafes  that  were  fubjedls  of  experiment  and  the  tube 
formed  the  coniledion.  In  all  cafes,  the  heavier  gas  was  in 
the  under  phial,  and  the  two  were  placed  in  a  perpendicular 
pofition,  and  fuffered  to  remain  fo  during  the  experiment  in  a 
ftate  of  reft;  thus  circumftanced  it  is  evident  that  the  effedt  of 
agitatien  was  fuflliciently  guarded  againft ; .  for,  a  lube  af* 
mod  capillary  and  ten  inches  long,  could  not  be  inftrumental 
in  progagflting  an  intermixture  from  a  momentary  commotion 
at  the  commencement  of  each  experiment.  , 

FIRST    CLASS. 

Carbonic  Acid  Gas,  with  Atmofpheric  Air^  Hydrogenous^ 

Azotic  and  Nitrous  Gafes. 

1.  A  pint  phial  filled  wilh  carbonic  acid  gas,  the  30  inch  Carbonic  acii 
tube  and  an  ounce  phial,  the  tube  and  fmall  vial  being  fiH^gaf^*     ''  ^ 
with  common  air,  were  ufed  at  iirft.     In  one  hour  the  fmall 
phial  was  removed,  and  had  acquired  no  fenfible  quantity  of 
acid  gas,  as  appeared  from  agitating  lime  water  in  it.     In 
three  bonrt  it  had  the  actd  gas  in  great  plenty,  inflantly  making 
lime  water  milky.     After  this  it  was  repeatedly  removed  in 
the  fpeoe  of  half  an  hour,  and  never  failed  to  exhibit  figns  of 
the  aeid  get.     Things  remaining  juft  the  (amc,  the  upper 
phial  was  filled  with  the  different  gafes  mentioned  above  re- 
|)ealedly,  and  m  ha|f  an  hour  there  was  always  found  acid 
fiifiicient  to  ttake  the  phiaf  i  filled  with  lime  water  quite 

X  2  milky. 
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milky.    There  was  not  any  perceptible  difference  whaterer 
gas  was  in  the  upper  phial  *. 


SECOND    CLASS. 

Hydrogenous  Gas  with  Almojphevic  Air  and  Oxi^enous  Gas* 

Hydroten,  with      I .  Two  fix  ounce  phials  were  connected  by  the  tube  of  a 

atmoiphenc  tir   tobacco  pipei  three  inches  Jong,  the  upper  containing  by- 

*  drogenous  gas,  the  lower  atmofpheric  air:  after  Handing  two 

hours^   the  lower  phial  was  examined ;  the  mixed  gafes  it 

contained  made  fix  explofions  in  a  fmall  phial.     The  gas  in 

tlie  upper  alfo  exploded. 

2.  Two  four  ounce  phials  conneded  with  the  ten  inch  fmall 
tube  flood  two  days,  having  common  air  and  hydrogen  gas. 
Upon  examination  the  upper  was  found  to  be  y  common  air 
by  the  teft  of  nitrous  gas.  The  gas  in  the  under  exploded 
fmartly;  that  in  the  upper  moderately  with  a  lambent 
flame., 

5.  Two  one  ounce  phials  were  conneded  by  the  ten  inch 
tube,  containing  common  air  and  hydrogenous  gas ;  in  three 
hours  and  a  half  the  upper  was  about  y  common  air  and  the 
under  y;  the  former  exploded  faintly;  the  latter  fmartly. 

4.  Two  one  ounce  phials  were  connefled  as  above ;  the 
under  containing  gas  about  ^  oxygenous,  the  upper,  hydroge- 
nous :  In  three  hours  the  latter  was  y  oxygenous,  and  the 
former  about  •^;  the  upper  exploded  violently  i  the  under, 
moderately. 

5.  Two  one  ounce  phials  were  again  connedled,  the  lower 
having  atmofpheric  air,  the  upper  hydrogenous  gas;  they 
flood  fifteen  hours,  and  were  then  examined ;  the  upper  gave 
1.67  with  nitrous  gas,  the  under  1.66. —  Hence  it  is  evident 
that  an  equilibrium  had  taken  place,  or  the  two  gafes  were 
uniformly  diffufed  through  each  other  in  both  phials. 

THrRD    CLASS. 

Nitrotts  Gas,  with  Oxigenofts  Gas,  Aiino/phcric  Air,  Hydros 

genous  and  Azotic  Gafts, 
Nitroot  |a$  The  refults  of  the  preceding  experiments  upon  gafes  that 

vHchoxigenoasy  ^^^^^  ^^  known  affinity  for  each  other,  were  conformable  to 
atmoipncnc  ny*  '' 

Jrogenousa  and        ^  ^^  ^^jj  ^^^  ^^  ^^  j^^^j^^^  ^^^  ^^^^  ^^^^  ^^  ^  pj^j  ^^ 

common  air;  in  one  hour  much  acid  gas  had  come  through,  as 
appeared  by  lime  water. 

what 
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wlttl  a  priori,  I  had  conceived ;  for,  according  to  my  hy-  Nitrous  gat 
potfaefis  every  gas  diflTufcs  ilfelf  equably  through  any  given  ]|['^of '^wkl 
rpace  that  may  be  alTIgned   to  it,  and  no  other  gas  being  in  dr^^nonif  u 
iu  way  can  yrc-aent,  though  it  may  confiderably  retard  this  ****** 
difaGon.    But  in  fnme  oTthe  following  experiments,  in  which 
Ibetwo  gafcs  are  known  to  have  a  chemical  affinity  for  each 
other,  I  expeflc'd  diBTv^rcnt  refulls  from  what  are  found ;  per- 
lupi  without  fufficient  rciifon.     For,  chemical  union  cannot 
lake  place  till  the  particles  are  brouglit  into  contiguity ;  and 
t6eeh/{ic  force  which  fets  them  in  motion  appears,  from  the 
jiNjre  experiments,  to  foe  a  principle  diametrically  oppofitc 
(0  affinity.      That  circulation  of  elaftic    fluids,    therefore^ 
wiiich  we  have  n<iw  before  us,  cannot  be  accelerated  by  their 
haring  a  chemii.*al  affinity  for  each  other.     Another  circum- 
llance  defvrves  explanation;  —  when  nitrous  and  oxygenous 
gas  are  in  the  two  phials,  the  redduary  gafes  after  tlie  ex- 
periment are  nearly  as  pure  as  before  ;  bccaufc  thofe  portions 
of  them  that  meet  in  the  tube,    form  nitrous  acid  vapour, 
wiiich  if  abforhed  by  the  moifluie  in  the  phials,  and  therefore 
does  not  contaminate  either  gas. 

1.  Two  one  ounce  phials  were  connedled  with  the  fmall 
tabe,  the  under  containing  nitrou^^gas,  the  upper  atmofpheric 
W ;  after  three  hour's,  the  upper  phial  was  taken  off  when 
a  quantity  of  air  was  perceived  to  enter,  as  was  expe6led  ; 
the  air  in  the  upper  phial  was  fcarcely  diftinguifhable  from 
what  it  was  at  firfi ;  that  in  the  under  phial  was  (lill  fo  much 
nitroas  as  to  recjuire  its  own  bulk  of  common  air  to  fatu« 
rale  it. 

2.  The  above  experiment  was  repeated,  and  the  upper 
phial  drawn  off*  when  the  whole  was  under  water,  in  order 
to  prevent  communication  with  the  atmofphere  :  about  -|  of 
an  ounce  of  water  entered  the  phials,  to  compenfate  the 
diminution.  Remaining  air  in  the  upper  phial  was  a  very 
little  worfe  than  common  air,  it  being  of  the  flandard  1,47 
when  the  former  was  l,4i.  The  gas  in  the  under  phial  was 
ftill  nitrous  and  nearly  of  the  fame  purity  as  at  firft  ;  for  three 
parts  of  it  required  four  of  atmofpheric  air  to  faturate 
ifaem. 

3.  Nitrous  gas  and  one  j  oxygenous  were  tried  in  the  fame 
way  :  after  four  hours,  the  apparatus  was  taken  down  under 
w^ter.     The  upper  phial  was  |  filled  with  water,  and  the 
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gas  in  it  was  partly  driven  down  the  tube  into  the  edMT 
phial,  by  which,  and  the  previous  procefs,  the  nitroat  fM 
was  completely  faturated  and  nothing  but  aziuic  with  e  fmall 
portion  of  ovigenous  were  found  in  the  under  phial:  the 
remaining  ga<  in  the  upper  phiql  was  ft  ill  ^  ox)genou8. 

4*.  Nitrous  gas  and  hydrogenous:  in  three  hours  the  upper 
phial  was  ^  nitrous,  and  of  courfe  the  under  muA  have  a  likft 
part  of  hydrogen. 

5.  Nitrous  gas  and  azotic :  after  three  hours  theapper  pUal 
was  ^  nitrous. 

In  the  two  laft  experiments,  the  quantity  of  nitrous  gai  in 
the  upper  phial  was  lefs  than  might  be  expcfled  ;  but  thetaba 
was  at  fird  filled  with  common  air,  and  fume  mu ft  enter  on 
conne6ting  the  apparatus,  which  is  (udicicnt  to  account  for  tht 
refults. 

rOUUlII    CLASS. 

Azotic  Gus,  xiith  Mixturts  containing  OsigCfious  Gau 
Axotf  ^vith  1,  Azotic  gas  and  one  ^oxygenous:  after  ftanding  three 

PDunds.**"' ^°   'hours  the  upper  phial  was  of  the  ilandard   1.78,  or  abeot 
■Tf  oxygenous. 

2.  Azotic  gas  with  atmofphcric  air:  after  (landing  three 
hours :  the  upper  phial  was  not  fenfibly  diminift)ed  by  nitrous 
gas ;  the  under  phial,  however,  had  loft  two  per  cent,  or  ^ 
of  its  oxigen.  The  reafun  of  this  was,  that  the  azotic  gai  in 
this  experiment  having  been  juft  made  for  it  from  nitrous gaij 
this  laft  had  not  been  completely  faturated  with  atmofpheric 
air,  and  hence  Iiad  feized  upon  all  (he  oxygen  afcendiDg  into 
the  upper  phial. 

Having  now  related  ail  the  experiments  I  nade  of  anj 
importance  to  the  fubjed,  it  will  be  proper  to  add,  for  the 
fake  of  ihofe  that  may  wifli  to  repeat  foroe  of  them,  that  great 
care  mufi  be  taken  to  keep  tlie  indde  of  the  tube  dry  ;  for  if  a 
drop  of  water  interpoie  between  the  two  gales,  I  have  found 
that  it  effe^lually  prevents  the  intercourfe  :  glafs  lubes  (hooM 
therefore  be  ufcd,  that  one  may  be  fatisfied  on  this  head,  as 
the  obflrudlion  will  then  be  vifible. 

I  fliall  make  no  further  comments  on  the  above  experiments^ 
by  way  of  explanation :  becaufe  to  thofe  who  underfland  my 
h^pothtliN  of  elafric  fluids,  they  need  none:  and  I  think  il 
would  be  in  vain  to  at'.empt  an  explanation  any  other  way, 

lean 
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I  cannot  however,  on  this  occafion,  avoid  advertioir  to  Tome  The  remarkable 
experimenli  of  Dr.  Prieftley,  which  few  modem  philofophers  pj-^fti^^ftir 
can  be  unacquainted  wilb  :  I  mean  thofe  relating  to  the  feem-  entering  earthen 

ing  converfion  of  water  into  air.      (Vid,  Philof.  Tranfaft.  "^'"  ^^'^    ^ 
•J  .   . .      •  1  ^^^^^  paffed  out 

vol.  73,   page  ^li,*— or  \i\%  Expts*  abridged,   vol.  2,  page  in  a  vapor. 

407.)  He  found  that  unglazed  earthern  retorts  containing  a 
little  moifture,  when  licatcd^  admitted  the  external  air  to  pab 
through  their  pores  at  tiie  fame  time  that  aqueous  vapour 
pafled  through  the  pores  the  contrary  way  or  outward ;  and 
that  this  laft  circum (lance  was  nccejfUry  to  the  air's  entrance* 
The  retorts  are  air-tight,  fo  far  as  that  blowing  into  them 
difcovers  no  pores  ;  but  when  fubjeAed  to  a  greater  preflure. 
as  that  of  the  atmofphere,  or  even  one  much  (hort  of  itj  thejr 
are  not  able  to  prevent  (he  paffage  of  eladic  fluids.  The  ia6l 
of  air  pafling  into  the  retort  through  its  pores,  and  vapour 
out  of  them  at  the  fame  time,  are  elegantly  and  moft  con- 
vincingly (hewn  by  Dr.  Pricftley's  experiments,  in  which 
he  ufed  the  apparatus  reprefented  in  plate  7,  fig.  1,  of  tlie 
edition  above  referred  to.  The  Dodor  confeifes  his  explana- 
tion of  tbefe  remarkable  facts  is.  very  inadequate;  and  no 
wonder,  for  it  is  impoflible  for  him  or  any  other  to  explain 
them  on  the  c*oromonly  received  principles  of  elaflic  fluids. 
But  wc  will  hear  what  he  fays  on  the  lubjcd  : — "  At  prefent  Dr.  PrJefttey't 
it  is  my  opinion,  that  the  agent  in  this  cafe  is  that  principle  ^nj^uies.^' 
which  we  call  attraBion  of  coftefion,  or  that  power  by  which 
water  is  raifed  in  capillary  tubes.  But  in  what  manner  it 
a^  in  thi^  cafe  I  am  far  from  being  able  to  explain.  Much 
lefs  can  I  imagine  how  air  (hould  pafis  one  way  and  vapour 
the  other,  in  the  fame  pores,  and  how  the  tranfmillion  of  the 
one  (liould  be  nectflkr^  to  the  Iranfmiffion  of  the  other.-<- 
1  am  fatisfied,  however,  that  it  is  by  means  of  fuch  pores  as 
air  may  be  forced  through,  that  this  curious  procefs  is  per- 
formed ;  becaufe  the  exf>eriment  never  fucceeds  but  in  fuch 
vefleis  as,  by  the  air-pump  at  lealt,  appear  to  be  porous, 
though  in  all  fuch.'' 

The  truth  is,  thefe  fads  fo  difficult  to  explain  are  exaaiy  The  faa  Is,  that 
finilar  to  thofe  which  are  the  fubjedi  o{  this  memoir :  only  in-  ^j^oiix  by 
fieadol  z  great  numher  of  pores  we  have  one  of  fenfible  mag.  means  of  the 
nitude,  (the  bore  oF  the  lube.)     Let  the  porous  retort  have  P^^"' 
the  fame  elaftic  fluid  within  and  without,  in   the  one  cafe; 
and  the  two  phials  contain  the  lame  elaflic  fluid  in  the  other» 

then 
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then  no  tranfmifiioD  if  obfervabic  in  cither ;  but  if  the  retort 
have  common  air,  or  any  other  gas«  without^  and  aqueous 
vapour,  or  any  other  elaflic  fluid,  except  the  outfide  one, 
within;  then  the  motion  in  and  out  commences,  jufl  as  with 
the  phials  in  fimilar  circumftances.     In  fa£l  this  lad  obfervatioa 
has  iince  been  verified  by  Dr.  Prieflley  himfelf,  of  which  an 
account  is  given  in  No.  2,  of  the  American  Phiiofophical 
Tranfaflions,  vol.  5.     After  alluding  to  his  experiments  above- 
*!-aad  the  fame  mentioned,  he  obferves,  *'  Since  that  time  I  have  extended 
Jiappeni  in  any    and  diverfified  the  experiments,  and  have  obferved,  that  what 
^^^  Was  done  by  air  and  water,  will  be  done  by  any  two  kifids  of 

mr,  and  whether  (hey  have  affinity  to  one  another  or  not,  that 
this  takes  place  in  circumflances  of  which  I  was  not  at  all  ap- 
prised before,  and  fuch  as  experimenters  ought  to  be  ac-« 
quainted  with,  in  order  to  prevent  miflakes  of  confiderable 
confeqaenoe." 

The  &fis  dated  above,  taken  altogether,  appear  to  me  to 
form  as  decifive  evidence  for  that  of  elafiic  iuids  which  I 
maintain,  and  againfi  the  one  commonly  received,  as  any  phy- 
ilcal  principle  which  has  ever  been  deemed  a  fubjcd  of  dif- 
pute,  can  adduce. 


III. 
Qn  the  Horizontal  Moon.     By  Dr.  Okely.    fn  a  Letter  from 

Mr.  H.  STklNHAUER. 

To  Mr.  NICHOLSON. 
SIR,  Fnlnuk,  March  1,  1806. 

XjLBOUT  the  beginning  of  laft  year,  I  had  the  pleafure,  in 
compliance  with  your  obliging  letter  to  fend  you  tmprefiions 
ot  the  Egyptian  Scarabacus,  which  I  hope  came  fafe  to  hand. 
Your  kindnefs  in  inferting  my  trivial  remarks  upon  the  fame  in 
your  valuable  Journal,  encourage  me  to  fubmit  the  following 
Ibort  efTay,  upon  a  fubjed  which  has  employed  the  ingenuity 
of  feveral  of  your  correfpondents,  which  I  received  from  my 
friend  Dr.  Okely,  of  Wyke,  near  Hallifax,  in  confcqtience  of 
fome  converfations  occafioncd  by  the  pcrufal  of  your  work. 

If 
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If  yoa  think  it  worthy  a  place  in  your  c-olledion,  it  will* 
be  Goniidered  as  an  additional  obligation  conferred  on, 

SIR, 

Your  obedient  fervant, 

H.  STEINHAUER, 

Obfervatians  on  thefiemingly  enlarged  apparent  Diameters  rf  the 
Sun  and  Moon,  when  viewed  in  or  near  the  Horizon, 

Every  One  who  views  the  fun  or  moon,  when  they  are  in  Genera!  foft 

t     .     .  .....  *  .  .1.  *****  **»*«  «J« 

the  horizon,  thinks  that  they  appear  larger  than  when  tneyare  hcaTcn'y  bo4ici 

feen  in  any  more  elevated  part  of  the  heavens.     And  aftrc^fcem  Ja'gc"* 

nomers  know,  that  the  didance  of  the  fame  fixed  (lars  is  ap* 

parently  greater  when  feen  near  the  horizon,  than  when  they 

are  more  elevated.     But  it  is  likewife  well  known  to  aflrono- 

nerSy  that  the  apparent  magnitudes  of  the  fun  and  moon«  at 

well  as  the  app^ent  diflancesof  any  given  fixed  Hars,  as  roea« 

fured  by  the  micrometer,  are  the  fame  in  that  part  of  the  hea« 

vens  which  is  near  the  horizon,  as,  in  the  fame  circumftances, 

they  are  found  to  be  in  any  other  part,  except  that  the  moon, 

being  really  perceptiblv  farther  from  an  obferver,  placed  on 

the  earth's  furface,  when  fhe  appears  in  the  horizon*  than 

when  (lie  appears  in  the  zenith,  is  found  to  have  a  fmaller 

apparent  magnitude,  agreeing  with  the  caufes  to  which  it  is 

known   to  be  owing.     The  firfi  mentioned  phenomena  mull 

therefore  belong  to  the  head  of  optical  deceptions.     Let  us 

enquire  from  what  fourcelhis  deception  arifes. 

I  am  not  the  firft  by  whom  the  fourcc  was  fought  for  in  the 
apparent  flatnefs  of  the  (ky ;  but  I  ditier  as  far  as  I  know, 
from  all  others  in  my  qnanner  of  conncdling  one  appearance 
with  the  other. 

In  order  to  explain  my  idea  of  the  matter,  I  (hall  firfl  at-  Explanation  of 
tempt  to  fliew  that  the  flattened  appearance  of  the  vifible  hca-  «,L^^^j- 
vens  is  not  an  iilut^on,  but  a  reality;  or  in  other  words,  that  the  heavcas. 
ian  obferver  placed  on  the  earth  is  really  at  a  greater  didance 
from  a  point  of  the  iky,  fituate  in  the  horizon^  than  from  a 
point  (ituatc  in  the  zenith. 

This  will  appear  In  the  clearcf?  manner  if  we  endeavour  to  Tkt  Ikjr  is  areal 
give  an  anfwer  to  the  two  following  queflions ;  Wluit  is  hejky  f  ^^^^^\  fllttsncd 
and  Where  is  thejkj/  f  concavity. 

Hy  the  (ky,  I  mean  that  blue  concave  fuperfioies,  within 
\vhich  every  obferver  oq  the  furfa^e  of  the  earth  finds  himfelf 

l^laced 
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placed.  What  it  Ihii  ?  It  is  certainly  fometbing  real  «ad  Mr 
terialf  or  elfe  it  would  not  appear  coloured.  For  bodiai^  li 
appear  coloured,  mud  have  parls  of  fome  determinate  niaf* 
nitude. 

Where  doth  it  exifl  ?  Not  in  thofc  immenfcly  didant  parts 
of  rpace,  where  the  heavenly  bodies  revolve.  For  if  thofe 
fpaces  contained  any  bodies  of  a  determinate  magniludej  and 
confequeutly  of  a  determinate  denfity*  the  heavenly  bodies 
could  not  continue  through  ages  to  revolve  in  the  fame  pari* 
odic  times;  their  momentum  would  be  diminiOied  by  refilU 
ance«  and  the  periodic  times  of  their  revolution  wouldT change. 
The  blue  iky  therefore  cannot  be  placed  beyond  the  atmofpfaeia 
of  our  earth.  The  fmailed  parts  of  bodies  that  are  coloored 
are  blue,  and  the  blue  (ky  i^^  therefore  either  the  atroofpbeiB- 
itfelf  or  the  fmalleft  and  moft  elevated  vapours  afcending  ii 
it,  or  both  together.  The  heavenly  bodies  (bine  through  it« 
and  therefore  it  cannot  he  opaque;  it  is  itfelf  of  a  blue  coloar« 
and  therefore  is  not  perfectly  tranfparent. 

Though  we  are  ignorant  of  tfic  exa6l  height  of  the  gtmofi 
phere,  yet  we  may  take  it  for  granted,  tliat  it  does  not  extend 
as  far  as  the  moon,  and  therefore  that  the  diftance  of  its  far* 
thed  points  from  the  centre  of  the  earth  lias  a  finite  ratio  to  the 
femi-diamcter  of  the  earth*  That  the  ratio  is  probably  le(s 
than  2:1, 

If  therefore  the  blue  heavens  which  furround  theeartb,  and 
arc  concentric  with  it,  have  a  femidiameter  not  double  that  of 
the  earth,  their  horizontal  points  as  viewed  from  the  earth, 
muflbe  farther  from  us  than  any  that  are  nearer  the  zenith. 

For  let  A  C  F  (Plate  VII.  fifr.  i.)  reprefent  a  great  circb 
of  the  earth,  and  A  C  be  its  radius,  and  let  the  circle  D  BEQ 
reprefent  a  great  circle  of  the  almofphere  drawn  with  a  radius 
AB  not  =  2.  AC,  the  line  CDvBC;  HC7  BC, 
-i-which  it  not       ^  ^**  '^^  ^^  ^'^'^  folulion  of  the  flattened  appearance  of  the 
alwayi  alike*      heavens,  hf  obferving  that,  when  the  fky  is  uniformly  over- 
bad with  clouds,  the  concave  fupcrficies  appears  conliderably 
flatter  than  when  the  (ky  is  ferene.     In  the  former  cafe*  the 
two  concentric  circles  in  the  figure  approach  Jiearer  to  etch 
other,  the  clouds  being  nearer  to  the  earth  than  the  iky  isj  and 
the  ratio  of  D  £  to  C  B  mud  of  courfe  incrcafe. 
Explanation  But  to  proceed.     When  any  bodies  (ituated  behind  m  femi- 

fiom  ad'agrim  traufparent  fcreeo  are  feen  through  it,  they  will  appear  to  be 

of  the  iky,  that  *^  o  y  ir        ^^^^^ 
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fisied  in  tbe  fcreeo  at  the  poiots  of  in(erre6lion,  which  lines  the  heafcnly 
drawn  from  every  point  of  the  bodies  to  the  eye  of  the  ob-  ^J^^|^?' 
ferver^  make  with  the  fcreen.     Now  fuch  a  femi-tranfparent  ^  horicoo. 
fcreen,  the  blue  fkies  interpofe  between  (he  heavenly  t)odies 
and  our  eyes.    They  will  therefore  appear  to  be  fixed  in  the 
lky»  at  the  above-mentioned  points  of  interfedtion. 

But  if  lines  DC»  H  C,  IC.  BC.  be  drawn  fo  that  the 
angles  at  C  are  equals  they  may  be  confidered  as  coming  from 
tbe  extreme  points  of  bodies  which  fubtend  equal  anglet  of 
vifioiv  or  which  have  the  fame  apparent  magnitude.  The  anglis 
DC  H  may  be  confidered  as  reprefenting  the  angle  of  vifioa 
which  the  fun  fubtends  at  the  horizon.  The  equal  angle 
H  C  I,  the  angle  fubtended  by  the  fame  body  in  a  more  ele* 
vated  fituation.  ButDHyHj.  Thus  the  heavenly  bodiea 
mail  appear  enlarged  in  their  vertical  diameters»  when  in  thn 
horizon ;  and  tbe  fame  may  be  (hewn  of  an^  other  diaincter 
They  will  therefore  appear  uniformly  enlarged;  which  wat 
the  thing  to  be  explained. 

W.  OKELY. 


IV. 

Account  qfjbme  Specimens  of  Bafahes  from  the  northern  Coafi 
of  Antrim.     Bif  the  Rev,  Dr,  William  Ricua&dson. 


Ti 


(Concluded  from  Page  373.) 


HE  peninfula  of  Portrufti  lies  about  fix  miles  to  the  weft  Remarks  on  tfie 
of  the  Giant's  Caufeway^  and  on  its  eafiern  furface  alone  pre-  coaft  of  Anu* 
fents  thefe  ftrata. 

In  (he  fpace  of  about  700  yards,  it  exhibits  in  miniature  thofe 
changes  and  interruptions  of  the  ftrata,  which  occur  on  the  large 
fcale  along  the  northern  bafaltic  coaft  of  Ireland.  At  the  place 
where  it  emerges  from  the  ftrand,  there  firft  occurs  a  mafs  com* 
pofed  of  flrata  of  the  coarfe  and  filiceous  bafalt^  placed  over 
each  odier  alternately ;  this  is  fucceeded  by  an  accumulation 
of  regular  ft  rata  o(  the  coarfe  bafall  alone.  A  fecond  alterna- 
tion, and  a  fecond  accumulation  of  the  coarfe-grained  ftrata, 
rome  in  ordeF,  and  extend  to  the  well  called  Tubber  Wherry. 
Here  commences  an  accumulation  of  many  firata  of  the  fili- 

ccouA 
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Remirkf  on  tlie  ceoot  bafalt  aIone«  which  (Iretches  along  the  (hore  for  about 

coS'^Aiitr**     100  yards,  and  then  changes  into  a  third  alternation,  which 

*  continues  to  the  little  boat-harbour,  called  Port-in^too,  near 

which  the  filiceous  bafalt  difappears.     Over  this  ftretch,  not- 

withftanding  the  frequent  change  in  the  arrangement  of  the 

,     llrata,  the  thicknefs  of  each  firaturo,  of  both  fpecies,  rennains 

'prettj  nearly  the  fame,  and  the  pofitien  of  them  all  jReadily  (o, 

viz.  with  a  coniiderable  dip  to  £•  N.  £. 

Tlie  weft  iide  of  the  peninfula,  though  only  about  400 
yards  diflant,  confifb  entirely  of  coarfe  bafalt.  It  (liows  a 
bolder  face,  and  is  formed  of  rude  mafCve  pillars,  from  60  to 
80  feet  long. 

*'  I  am  aware,"  fays  Dr.  Richardfon,  **  that  feveral  mine- 
ralogifts  deny  the  (hell-bearing  Oone  to  be  bafalt,  while  others 
contend  flrenuoufly  that  it  is.     I  will  not  venture  to  decide  on 
the  queflion,  but  muft  remark,  that  I  have  never  met  with  it 
t>ut  contiguous  to  bafalt,  and  fo  fulidly  united  to  this  lafl,  that 
the  continuity  of  the  whole  mafs  was  uninterrupted.     The 
grain  of  the  (lone  graduates,  as  has  been  already  remarked, 
into  that  of  the  common  bafaltes ;  and  the  arrangement  of  it 
and  that  of  the  bafalt,  with  which  it  is  fo  much  mixed  at 
Portrufli  and  the  Skerry  ifland,  is  exa6tly  the  fame ;  the  (Irata 
of  each  fcarcely  differing  in  thicknefs,  and  not  at  all  in  inclU 
nation.     The  Hrata  of  both  kinds  break  into  prifms,  and  the 
farfaces,  where  accedible,  exhibit  the  appearance  of  caufe- 
ways,  differing  only  in  this,  that  in  the  filiceous  bafalt,  the 
pentagon  is  the  prevalent  figure,  and  in  the  coarfe  bafalt,  (he 
quadrangle.     The  fufibifity  of  both  Aoncs  is  alfo  nearly  the 
fame;  the  fliells  in  the  filiceous  bafalt  are  calcined  in  the  fire, 
and  many  more  are  then  difcovered  which  had  before  efcaped 

the  eye  *." 

Whinftone 

*  Dr.  Richardfon  obferves,  that  fome  mineralogies  deny  that 
this  foflil  is  bafalr.  Several  of  the  members  prcl'ent  when  this  pa- 
per was  read,  fome  of  whom  had  examined  the  ftone  in  its  native 
place,  were  of  that  number.  It  was  remarked,  that  though  cer- 
tain portions  of  the  flrata  of  this  fofHl  bore  much  refemblance  to 
fome  fpecies  of  bafalt,  by  far  the  greater  part  of  the  mafs  bore  no 
refemblance  whatever  to  any. 

It  was  alfo  flated,  that  the  fubftance  of  the  coarfe-grained,  un- 
diiputed  bafalt,  which  lies  between  the  ftrata  of  this  ftone,  does  not 
contain  any  veftigcs  of  marine  animals  \  That  veins  often  ifiue 

from 
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Whinjlone  Dikes  an  the  Coafi  qf  Antrim.   .  lUnurkt  on  die 

^         .  .  A         WJttf  of  the 

Dr.  Richardfon  defcribes  fome  particulars  in  the  conltroc-QoJift  of  ^t^loi, 

tion  of  (he  whinlione  dikeR  on  the  coaft  of  Antrim,  which  ap- 
pear fingular,  and  defer vtng  of  attention.  Thefe  dikes,  he 
fays,  are  uniformly  formed  of  large  malfive  prifms  laid  hori- 
zonlally,  which  are  always  divifible  intofmaller  prifmn  that  are 
iikewife  horizontal.  To  prevent  confuiion,  he  calls  the  firil  of 
l&efe  component  prifms,  and  the  fecond,  or  fmaller  ones  into 
which  the  others  break,  confiituent  prifms. 

The  component  prifms  are  fometimes  of  enormous  iize,  and 
in  the  fame  dike  are  nearly  equa! ;  the  conftituent  prifms  are 
fmall,  (the  fides  about  an  inch  long),  and  neatly  formed. 

The  dike  which  traverfes  the  Giant's  Caufeway,  differs  from 
thofe  on  other  parts  of  the  coafl,  by  having  no  component 
prifms.  It  refembles  a  plain  wall,  of  whiqh  ihe  parts  (h^ver 
under  the  hammer  into  very  neat  condituent  prifms.  In  the 
dike  at  Seaport  the  fame  thing  is  obferved ;  the  prifmatic  firiic* 
ture  does  not  penetrate  two  inches  from  its  edge;  the  whole 
interior  feems  an  amorphous  mafs. 

The  fpecimens  of  this  latter  dike,  fent  to  Dr.  Hope,  exhibil 
its  continuity  with  the  adjacent  bafaltic  rock  which  ittraverfef, 
and  alfo  the  continuity  of  the  fine  bafali  of  its  edge  with  the 
granular  {ion^  which  compofes  the  middle  of  thc4ike. 

The  dike  of  ForUcoan  is  a  very  folid  maCi,  compofed  of 
Aones  apparently  round,  and  imbedded  in  a  bafaltic  pafte,  or 
indurated  mortar.  The  round  (lones  are  formed  of  concentric 
fplieres,  like  the  coats  of  an  onion ;  they  exceed  a  foot  in  di* 
a  meter,  apd,  together  with  the  mortar  by  which  they  are  united, 
they  form  a  very  compa£l  and  highly  indurated  rock. 

Befldes  thefe  large  dikes.  Dr.  Richardfon  remarks,  that 
veins  from  half  an  inch  to  an  inch  and  a  half  thick,  often  cat 
the  bafaltic  (Irata  on  that  coaft  in  all  direflions.  The  materials 
of  thefe  veins  arc  never  the  fame  with  the  contiguous  bafalt, 

from  the  beds  of  this  real  bafalt,  and  pervade  thefuppofed  Hliceous 
Tpecies  ;  fome  of  them  connecting  together  the  feparate  beds  of  the 
real  bafalt ;  others  dying  away  in  flender  ramifications;  as  they  rife 
through  the  inteipofed  ftratum.  In  no  inftance  is  this  reverfed : 
The  veins  never  proceed  from  what  is  called  the  Siliceous  Bafalt. 
It  was  farther  obferved,  that  both  the  fra£hire  and  external  furftcc 
of  this  ftone  exhibit  a  ilratified  (IruCture,  in  many  inftances,  which 
never  happens  in  the  tnie  bafaltes. 

bat 
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Kemtrfct  on  the  bat  are  generally  finer.     At  Portnifh  is  a  large  vein,  and  near 

a^^  A  ^     "*  *  fmallcr  vein,  not  an  inch  thick,  which,  proceeding  firohi 

belowy  terminales  in  the  folid  rock  before  it  reaches  the  far* 

Mi/cellancons  Obfervations, 

Some  of  the  fpectraens  in  Dr.  kichardfon's  catalogue  are 
from  a  quarry  in  a  raafs  of  bafaltat  Ballylugan,  two  miles  (buth 
of  Portrufli.  This  bafalt  contains  fmall  cavities  in  its  interior; 
many  of  them  fullx)f  fre(h  water,  which  gufhes  out  when  the 
ftone  is  broken  by  the  hammer,  as  if  it  had  been  in  a  (late  of 
compreffion.  The  (lone  is  fo  hard,  and  flies  fo  in  pieces,  that 
Dr.  Richard  Ton  has  not  been  able  to  coliefl  any  of  the  water 
for  the  purpofe  of  analyfis. 

The  face  of  the  quarry  in  which  this  variety  of  the  bafalt  is 
found  is  about  \b  feet  high,  and  is  cut  into  a  flratum,  the 
thicknefs  of  which  is  not  yet  afceriained.  The  rock  is  entirely 
columnar,  the  pillars  fomowhat  fraaller  than  thofe  of  the 
Giant's  Caufeway,  lefs  pcrfe^,  not  articulated,  fomctimes 
bent,  and  varioufly  inclined.  The  (ides  and  the  interior  of 
the  pillars  are  full  of  cavities.  In  confequencc  of  the  obfer- 
vations of  Dr.  Hamilton  and  Mr.  Whitehurd  refpeding  the 
porous  texture  of  the  air  or  bladder  holes  of  the  bafaltes  of  the 
Catifeway  and  its  vicinity.  Dr.  Richardfon  has  cicamined  a 
^reat  variety ;  but  in  no  inflance,  except  this  of  Ballylugan, 
lias  he  found  cavities,  in  the  interior  of  the  bafaltic  rocks  on 
4his  coafl,  though  they  are  frequent  on  the  furface  expofed  to 
the  air. 

The  laft  variety  of  whin/lone  enumerated  by  Dr.  Richard- 
fon is  the  Ochrous,  which  makes,  as  he  fays,  a  confpicuous 
£gure  in  the  (lupenduous  precipices  along  the  coad  of  Antrim. 
It  is  difpofed  in  eiclenfive  (Irata  of  every  thicknefs,  from  an 
inch  to  twenty-four  feet,  and  varies  in  colour,  from  a  bright 
minium  to  a  dull  ferruginous  brown. 

Three  remarks  are  made  by  Dr.  Richardfon,  that  are  un- 
doubtedly of  importance,  and  (how  that  this  done  is  merely 
baCftlt  io  a  certain  date  of  decompofition. 

1.  The  ochrous  Arata  are  extenfive ;  they  remain  always  pa- 
rallel to  the  bayt  (Irata  which  they  feparate ;  they  unite  to  the 
bafeii  withoat  interrupting  its  folidity ;  the  change  from  the 

5  one 
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one  to  (he  other  is  fudden,  and  the  lines  of  demark^tion  are 
diflind.  The  ocluous  (lone  it  never  found  but  conligaous  to 
other  bafalt. 

2.  The  fubflances  imbedded  in  the  ochrous  rock,  and  in  ba* 
falts^  are  exadly  the  fame ;  calcareeus  fpar,  zeolitei  chalce^ 
dony,  &c. 

3.  Among  the  varieties  which  this  rock  prefents,  there  may 
be  found  every  iniermecliate  (lage  between  found  baialt  and 
perfod  ochre.  The  change  is  often  partial,  beginning  with 
veins  and  llender  ramification^. 


V. 

On  the  Ahfyrplion  of  Gafis  bjf  Water  and  otJter  Liquids,     By 

John  Dalton.* 

] .  If  a  quantity  of  pure  water  be  boiled  rapidly  for  a  (hort  Air  or  fu  is 
time  io  a  veflel  with  a  narrow  aperture,  or  if  it  be  fubjeded  to  ^g^  ^y  boiiin* 
the  air-pump,  the  air  exhaufied  from  the  receiver  containing  »(i  aptatioa  w 
the  water,  and  then  be  brilkly  agitated  for  fome  time,  very  ^^^^ 
nearly  the  whole  of  any  gas  the  water  may  containi  will  be 
extricated  from  it. 

2.  If  a  quantity  of  water  thus  freed  from  air  be  agitated  in  llie  volmne  of 
any  kind  of  gat,  not  chemically  uniting  with  water,  it  will  fj|^^  ^^^ 
abforb  its  bulk  of  the  gas,  or  otherwife  a  part  of  it  equal  to  U  conftant,  and 

fome  one  of  the  Mowing  fraaions.  namely,  |,  ^,  VT.T4T.|t:';^!LT?!'" 
&c.  thefe  being  the  cubes  of  the  reciprocals  of  the  natural  die  cube  of  a 
numbers  I,  2,  3.  &c.  or  j,,  ^3.  ^3,  i,.  &c.  the  fame  ga«[^j*J^'^^ 

always  being  abforbed  in  the  fame  proportion,  as  exiblted  in 
the  following  table :— It  mud  be  underftood  that  the  quantity  — «qw*l  prtf' 
of.  gas  is  to  be  meafured  (U  the  prejfure  and  temperature  with  J^rlturcs  be^ 
nhich  the  in^regnation  is  effc^ed,  iUppofed. 

*  Manchester  Mem.    N.  S.  Vol.  I. 
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Bulk  abforbed^  (he  bulk  of 
water  bt'mg  unity. 

!'  =  • 

Carbonic  acid  ga^,  ful- 
phu retted  hydrogen,  nitrous 
oxide.* 

'25  ""T 

Olefiant  gas,  of.  the  Dutcb 

diemifls. 

J.    —    » 

33  —  TT 

Oxygenous  gaf,  nitrous 
gas,+  carborretted  hydrogen 
gas,  from  ftagnant  water. 

JL      I 

43  —  ^T 

Azotic  gas,  hydrogenous 
gas,  carbonic  oxide. 

i»=TjT 

None  difcovered. 

3.  The  gas  thus  abforbed  may  be  recovered  from  the  wtter 
the  fame  in  quantity  and  quality  as  it  entered,  by  the  means 
pointed  out  in  the  fird  article. 
Water  abfoibt  ^*  ^^  ^  quantity  of  water  free  from  air  be  agitated  with  a 
anygaslirche  '  mixture  of  two  or  more  gafes  (fuch  as  atmofphcaic  air)  the 
whct»fcr?t"con-  ^**^  *^''*  abforb  portions  of  eac!j  gas  the  fame  as  if  they  were 
t^in  another  gia  prefented  to  it  feparately  in  tlieir  proper  deniity. 

Ex.  gr.  ALmofpheric  air,  confiding  of  79  parts  azotic  gas, 
and  2  J  parts  oxygenous  gas,  per  cent. 

Water  abforbs.  -'^j.  of  f^^^,  azotic      gas  =  1.231. 
—— ^V  of  ^\\j,  oxygen   gas  =    .778 


«r  oou 


mmim 


Sum,  jiercent,         2.012 

•  According  to  Mr.  William  Henry'*s  experiments,  water  docs 
not  imbibe  quite  its  bulk  of  nitrous  oxide  ;  in  one  or  two  inftances 
with  me  it  has  come  very  near  it :  The  apparent  deviation  of  this 
gas,  may  be  owing  to  the  difficulty  of  afcertaining  the  cxacl  de- 
gree of  its  impurity. 

f  About  ^^  of  nitrous  gas  is  ufually  abforbed ;  and  ^  is  re- 
coverable :  This  difference  is  owing  to  the  redduum  of  oxygen  in 
the  water,  each  meafure  of  which  cakes  3|  of  nitrous  gas  to  fatu- 
rate  it,  when  in  water.  Perhaps  it  may  be  found  that  nitrous  gas 
ufually  contains  a  fmall  portion  of  nitrous  oxide. 

5.  If 
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5.  If  water  impregnated  with  any  one  gas  (as  hydrogenous)  If  ^iter  in^    J 
lie  agitated  with  anoiher  gas  09101%  abforbable  (as  azotic)  (here  f„  omBauMtt 
will  epparerUly  be  no  abforpUon  of  the  latter  gas;  just  as  much  a  miscure  will 
gas  being  found  after  agitation  as  was  introduced  to  the  water ;  ^^^^i^'^^ 
bat  upon  examination  the  refiduary  gas  will  be  found  a  mixture  of  the  waier^  . 
x>f  the  two,  and   the  parts  of  each,    in  the  water,  will  be  *^ 
exadly  proportional  to  thofe  out  of  the  water. 

6.  If  water  impregnated  with  any  one  gas  be  agitated  with 
another  gas  lefs  or  more  abforbable ;  there  will  apparent^  be 
an  inereafe  or  diminution  of  the  latter;  but  upon  exiroination 
the  refiduary  ga<;  will  be  found  a  mixture  of  the  twOy  and  the 
proportions  agreeable  to  article  4. 

7.  If  a  quantity  of  water  in  a  phial  having  a  ground  flop-  Tempenture 
per  ¥ery  accurately  adapted,   be  agitated  with  any  gas,  or  Jr*f  ??!u^i 
mixture  of  gafes  till  the  due  (hare  has  entered  the  water ;  fluidi. 
then,  if  the  (lopper  be  fecured,  the  phial  may  be  expofed  to 

any  variation  of  temperature,  without  JiAurbing  the  equilibri- 
um :  That  is,  the  (|uantity  of  gas  in  (he  water  will  remain 
the  fane  whether  it  be  expofed  to  heat  or  cold,  if  the  (topper 
be  airwtight. 

N.  B.  The  phial  ought  not  to  be  near  full  of  waiefj  and  the 
temperature  ihould  be  between  32^  and  212^. 

8.  If  water  be  impregnated  with  one  gas  (as  oxygenous),  GJetwhkh  tre 
and  another  gas,  having  an  aflinity  for  the  former  (as  nitrous),  ^'P®***  ^  **"*". 
be  agitated  along  with  it ;  the  abforption  of  the  latter  gas  will 

be  greater,  by  Iho  quantity  neceiSiry  to  faturate  the  former, 
than  it  would  have  been  if  the  water  had  been  free  from  gas.* 

9.  Moil  liquids  free  from  vifcidity,  fuch  as  acids,  alcohol.  The  abforption 
liquid  fulphurels,  and  faline  folulions  in  water,  abforb  the  fame  J^thf  fL^"^?* 
quantity  of  gafes  as  pure  water ;  except  titey  have  an  affinity  by  water. 

for  the  gaS|  fuch  as  fulphurets  for  oxygen,  &c« 

The  preceding  articles  contain  the  principal  fa£ts  neceflary 
to  eftablifli  the  theory  of  abforption  :  Thofe  that  follow  are  of 
a  fubordinato  nature,  and  partly  deducible  as  corrollaries  to 
them. 

'  One  part  of  oxygenous  gas  requires  3.4  of  nitrous  gas  to  fa- 
turate it  in  water.  It  is  agreeable  to  this  that  the  rapid  mixture  of 
oxygenous  and  nitrous  gas  over  a  broad  furfacc  of  water,  •cia- 
iions  a  greater  diminution  than  othei-wife.  In  fa6V,  the  nitruus 
;icid  IS  formed  this  way  j  whereas,  when  water  is  not  prcfent,  the 
nitric  acid  is  formed,  which  requires  juft  half  the  quantity  of  ni- 
trous gas,  as  I  have  lately  afcertained. 

Vol.  XIIL— April,  1806.  Y  10.  Pure 
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Kitvnl  wttm '  10.  Pure  diftiUed  water,  nin  wad  fpring  water  ufoany  com* 
%!tm^mtoi  **'"  nearly  their  due  (bate  of  atmofpheric  air :  if  not,  they 
Mm^Cmi  kit  quickly  acquire  that  (hare  by  agitation  in  it,  and  lofe  any  other 
foirii^witef     g||g  ijjigy  n,ay  i,^  ijopregn!Bted  with.     It  is  remarkable,  how- 

•xyiM*  ^S^^»  ^^  water  by  ilagnation,  in  certain  circamnances,  lofea 

part  or  all  of  its  oxygen,  notwithfianding  its.conflant  expo- 
fition  to  the  atmpfphere.  This  I  have  uniformly  found  to  be 
^  cafe  in  my  large  wooden  pneumatic  trough,  containing 
about  eight  gallons,  or  I  j.  cubic  foot  of  water.  Whenever  this 
is  replenifbed  with  tolerably  pure  rain  vrater,  it  contains  lis 
ihare  of  atmofpheric  air ;  but  in  procefs  of  time  it  becomes 
deficient  of  oxygen :  In  three  months  the  whole  furface  has 
been  covered  with  a  pellicle,  and  no  oxygenous  gas  what- 
ever was  found  in  the  water.  It  was  grown  oflfenfive,  but 
not  extremely  fo;  it  had  not  been  contaminated  with  any  ma« 
t^ri^  portion  of  metallic  or  fulphureous  mixtures,  ur  any  other 
article  to  which  the  efl^6l  could  be  afcribed.*  The  quantity 
of  asotic  gas  is  not  materially  diminiflied  by  ilagnation,  if  at 
all* — Tbefe  circuro(lances«  not  being  duly  noticed,  have  been 
the  fource  of  great  diveriity  in  the  refults  of  different  philofo* 
pliers  upon  the  quantity  and  quality  of  atmofpheric  air  in  water. 
By  article  It  it  appears  that  atmofpheric  air  expetted  from 
water  ought  to  have  38  per  cent,  oxygen  ;  whereas  by  this  ar- 
ticle air  may  be  expelled  from  water  that  (hall  contain  from  58 
to  0  per  eent.  of  oxygen.  The  difappearance  of  oxygenous 
g^  in  water,  I  prefume,  muft  be  owing  to  fome  impurities 
in  the  water  which  combine  with  the  oxygen.  Pure  rain 
water  that  had  ftood  more  than  a  year  in  an  earthenware  bot- 
tle had  lod  none  of  its  oxygen. 
Why  water  by  H«  If  water  dee  from  air  be  agitated  with  a  fmall  portion 
i^jl^^  of  atmofpheric  air  (as  j\  of  its  bulk)  the  refiduum  of  fuch 
fifMn«r.  air  will  have  proportionally  leGi  oxygen  that  the  original:  If 

we  Uke  ^  as  above*  then  the  refiduum  will  have  only  17 
pf^r  cent,  oxygen ;  agreeably  to  the  principle  eftablifhed  in 
article  4.  This  circumflance  accounts  for  (he  obfcrvations 
made  by  Dr.  Prieflleyy  and  Mr.  William  Henry,  that  water 
abforbs  oxygen  in  preference  to  azote. 
Difappetnnce  of  12.  If  a  tall  glafs  veflel,  containing  a  fmall  portion  of  gas 
^i^yiigiiiuoa  j^  inverted  into  a  deep  trough  ef  water,  and  the  gas  thus  oon- 
ftned  by  the  glafs  and  the  water  be  brifkly  agitated,  it  wiU 
gradually  di^ppear. 

*  It  was  drawn  from  a  leaden  ciflem. 

It 
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f 1 11  ■  wonder  Ihal  Dr.  Prieftley,  who  fecms  to  have  been 

llie  firil  to  notice  this  h€t,  (hould  have  made  any  difficoRy  of 

it; — the  lofs  of  ga^  has  evidently  a  mechanical  caufe;  the 

divides  the  air  into  an  infinite  number  of  minute 

nrhich  may  be  feen  pervadinj;  the  whole  water ;  thefe 

^m%  facoeffively  driven  out  from  under  the  margin  of  the  glafs 

hlotbetroogh,  and  fo  efcape. 

IS.  If  old  iiagnant  water  be  in  the  trough,  in  the  lad  ex-  Old  ftignant 
yeriaieiit,  and  atmofphtfric  air  be  the  fubjc£l,  the  oxygenous  ^*^''^' 
ps  win  very  (bon  be  almofl  wholly  extra6led,  and  leave  a  re- 
Man  of  azotic  gas ;  but  if  the  water  be  fully  impregnated 
with  atmofpheric  air  at  ihc  beginning,  Ihc  refiduary  gas  ex« 
amined  at  any  time  will  be  pure  atmofpheric  air. 

14.  If  any  gas  not  containing  either  azotic  or  oxygenous  Agiution  of  gu 
gts,  be  agitaCad  over  water  containing  atmofpheric  air,  the  ^^^  commoa 

fefidoam  will  be  found  to  contain  both  azotic  and  oxvgenous  oxygen  and  asots 
Mx^  by  mlzcure* 

15,  Let  a  quantity  of  wafer  contain  equal  portions  of  any  The  efcape  of 
two  or  more  onequally  abforbable  gafes :  For  in  (lance,  azotic  »**y  8*»  ^™™ 
P^$  oxjgenoas  ga«,  and  carbonic  acid  gas ;  then,  let  the  water  j^g  the  pitflarc' 
k  bailed  or  fubjeded  to  the  air-pump,  and  it  will  be  found  will  ^  ar^<er 
ibi  aneqoal  portions  of  the  gafes  will  be  expelled.    The  %^^  ^^^' 
acotic  will  be  the  greateft  part^  the  oxygenous  nexl^  and  the 

carbonic  acid  will  be  the  leaft.  For,  the  previous  impregna- 
tioii  being  fuch  as  is  due  to  atmofpheres  of  the  following  rela- 
tive forces  nearly : 

Azotic    -    -    -    21  inch,  of  mercury. 

Oxygenous  -    .      9 

Carbonic  aoid   -        y 
coofeqaently,  when  thofe  forces  are  removed,  the  refilieQcy 
of  the  asotic  gas  will  be  the  greatefl,  and  that  of  the  carbonic 
acid  the  leaft;  the  last  will  even  be  fo  fmall  as  not  to  over* 
ctmie  tbecohefion  of  the  water  without  violent  agitation. 

Rtmaj-ks  on  the  Autfi^crity  qf  the  preceding  Fath. 

*\m,  order  to  give  the  chain  of  fads  as  difiindl  as  poJible,  I  Remarks  m 
bave  not  hithecio  mentioned  by  whom  or  in  what  manner  they  Jjjl^'^  i^ 
were  afcertained.  by  denTe  fluids^ 

Tbe  fad  mentioned  in  thefirft  article  has  been  long  known;  ^^* 
a  doubly  however,  remained  rcfpeding  the  quantity  of  air  Hill 

Y  2  left 
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Remarkt  on      left  in  Wftter  after  ebuliition  and  Ihe  operation  of  llie  air-ptftup^ 

todotti^eSfei'^''®  ^"^^^^         arliclet  willj  I  apprehend,  have  placed  this 

by  deole  fluids,  in  a  clearer  point  of  view. 

^*  In  determining  the  quantity  of  gafes  abforbed«  I  had  the  re* 

fult  of  Mr.  William  Henry's  experience  on  the  fubjed  before 
roe,  an  account  of  which  has  been  publithed  in  the  Philofophw 
cal  Tranfaftions  for  1803.  By  the  reciprocal  communicationi 
fince,  we  have  been  enabled  to  bring  the  refults  of  our  ex* 
perimcntA  to  a  near  agreement ;  as  the  quantities  he  has  given 
in  his  appendix  to  that  paper  nearly  accord  with  thofe  I  have 
flated  in  the  fecond  article.  In  my  experiments  with  the  left 
abforbable  gafes,  or  thofe  of  the  2d,  3d,  and  4th  clatTes,  I 
ufed  a  phial  holding  2700  grains  of  water,  having  a  very  ac- 
curately ground  (lopper;  in  thofe  with  the  more  abforbable  of 
the  firfl  clafs^  I  ufed  an  eudiometer  tube,  properly  graduated* 
and  of  aperture  fo  as  to  be  covered  with  the  end  of  a  finger. 
This  was  filled  with  the  gas  and  a  fmall  portion  expelled  by 
introducing  a  folid  body  under  water;  the  quantity  being  no- 
ticed by  the  quantity  of  water  that  entered  on  withdrawing 
the  folid  body,  the  finger  was  applied  to  the  end  and  the  water 
within  agitated;  then  removing  the  finger  for  a  moment  under 
water,  an  additional  quantity  of  water  entered,  and  the  agi- 
tation was  repeated  till  no  more  water  would  enter,  when  the 
quantity  and  quality  of  the  refiduary  gas  was  examined.  In 
fadt,  water  could  never  be  made  to  lake  its  bulk  of  any  gas  by 
this  procedure ;  but  if  it  took  i^,  or  any  other  part,  and  the 
refiduary  gas  was  •,%  pure,  then  it  was  inferred  that  water 
would  take  its  bulk  of  that  gas.  The  principle  was  the  fame 
in  uting  the  phial;  only  a  fmall  quantity  of  the  gas  was  ad«* 
mitted,  and  the  agitation  was  longor. 

There  arc  two  very  important  fa£ls  contained  in  the  fecond 
article.  The  firft  is,  that  the  quantity  of  gas  abforbed  is  as 
the  denfity  or  preffure.  This  was  difcovered  by  Mr.  William 
Henry,  before  either  he  or  I  had  formed  any  theory  on  the 
fubjedl. 

The  other  is,,  that  the  denfity  of  the  gas  in  the  water  has  a 
fpecial  relation  to  that  out  of  the  v^-atcr,  the  didance  of  the 
particles  within  being  always  fome  multiple  of  that  without : 
Thus,  in  the  cafe  of  carbonic  acid,  8cc.  the  didancc  within 
•and  without  is  thefkme,  or  the  gas  within  the  water  is  of  the 
fame  denfity  as  without ;  in  ole/iant  gas  the  diflance  of  the 

particles 
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rpvtides  in  the  water  is  twice  lliat  without;  in  oxygenous  gas,  Remwlu  on 
^jbcL  Ike  diflance  is  juft  three  tinier  as  great  within  as  without;  i^^gf  ^^ 
•ftd  m  BsotiCf  &c.  it  is  tour  times.     Tliis  fafl  was  the  refult  by  denfe  flddt» 
^.«F  my  own  enquiry.     The  former  of  thefc,  I  think,  decides  ^^' 
(..Aee&d  to  be  mechanical ;  ami  the  latter  feems  to  point  to 
lAtpmciple  on  which  the  equilibrium  is  adjufted. 

TVe  &Ai  noticed  in  the  -tth,  5th  and  6th  articles,  were  in« 
i.  vefiigaied  a  priori  from  the  mechanical  hypothefis,  and  the 
>  B0lioB  of  the  difiind  agency  of  elafiic  fluids  when  mixed  to- 
\.  gelher.  The  refults  were  ibund  entirely  to  agree  with  both, 
v^was  nearly  as  could  be  expelled  from  experiments  of  fuch 
Mlare. 

The  fads  mentioned  in  the  7  th  article  are  of  great  inr- 

portance  in  a  theoretic  tIcw  ;  for,  if  the  quantity  of  gas  ab- 

tirbed  depend  opon  mechanical  principles,  it  cannot  be  af« 

feded  by  temperature  in  confined  air,  as  the  mechanical  eflfedt 

of  the  external  and  inlernal  air  are  alike  increafed  by  heat, 

and  thcdenfity  not  at  all  afTefied  in  thofe  circum (lances.     I 

iiave  tried  the  experiments  in  a  confidcrable  variety  of  tern- 

peratore  without  perceiving  any  deviation  from  the  principle. 

Ildeferves  farther  attention. 

If  wafer  be,  as  pointed  ool  by  this  eflby,  a  mere  receptacle 
efga(es«  it  cannot  atlcdl  {licir  affinities:  hence  what  is  ob- 
ferred  in  the  6th  article  h  too  obvious  to  need  explanation. — 
And  if  we  find  the  abforption  of  gafcs  to  arife  not  from  a  chc. 
ntcal  but  a  mechanical  caiifc,  it  may  be  expe£tod  that  all  li- 
|u ids  having  an  equal  thiidity  with  water,  will  abforb  likepor- 
ion«  of  gas.  In  fevcral  Iiqiiid>  I  have  tried,  no  perceptible 
liffierence  has  been  found;  but  ihis  defer ves  further  invefti- 
ration. 

After  what  has  been  obferved,  it  feems  unnecelfary  to  add 
my  explanation  of  the  lOih  and  following  articles. 

ITuxiry  of  the  Abforption  of  Gnfts  by  Water,  fyc» 

From  the  facls  developed  in  the  prccedirg  articles,  the  foU 
owing  theory  of  the  abforption  of  gafes  by  water  feems  dc- 
lucible. 

1.  All  gafes  that  enter  into  water  and  other  liquids  by  means 
>f  pretFure,  and  arc  wholly  difengagcd  again  by  the  removal 
if  that  preiTure,  are  mechanically  mixed  with  th^  liquid»  and 

Qdt  chemically  combined  with  it, 

2.  Gafes 
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&nMric«M  9.  Gafet  fo  misccd  wkh  water,  8(c.  retain  tbeir  elaflkHy 

teiSiiof  ttfer^^  repulfive  power  aroongd  tbeir  own  particles,  jull  the  famitt 
by  dn^  iaiiif  in  the  water  as  out  of  it,  the  intervening  water  having  no 
*^  Other  influence  in  this  refpe^  than  a  mere  vacaom. 

3.  Each  gas  is  retained  in  water  by  the  prefTure  oF  gas  of 
its  own  kind  incumbent  on  its  furface  ab(lra^edly  coniidered, 
80  other  gas  with  which  it  may  be  mixed  having  any  perma* 
nent  influence  in  this  refpe^. 

4.  When  water  has  abforbed  its  bulk  oF  carbonic  acid  gai, 
&c.  the  gas  does  not  prefs  on  the  water  at  all,  but  prefles  on 
the  containing  veifel  jufl  as  if  no  water  were  in.  Whei> 
water  has  abforbed  its  proper  quantity  of  oxygenous  gas,  &c« 
that  is,  -Yf  ^^  ^^'  bulk,  the  exterior  gas  preiTes  on  the  furface 
of  the  water  with  |y  of  its  force,  and  on  the  internal  gas  with 
•J^  of  its  force,  which  force  prefles  upon  the  containing  veflel, 
and  not  on  the  water.  With  azotic  and  bydrogenou;*  gas  tlie 
proportions  are  -1^  and  ^  refpc^ively.  When  water  con- 
tains no  gas,  its  furface  muA  fupport  the  whole  prefTureof  any 
gas  admitted  to  it,  till  the  gas  l)as«  in  part,  forced  its  way  into 
the  water. 

5.  A  particle  of  gas  prefljng  on  the  furface  of  water  is  ana- 
logous to  a  fingle  (hot  preffing  upon  the  fumroit  of  a  fquare 
pile  of  them.      As  the  fliot  diftributes  its  preflure  equally 
amongd  all  the  individuals  forming  the  lowed  ftratum  of  the 
pile,  fo  the  particle  of  gas  diHrlbutes  its  preiTure  equally  amongd 
every  fucceflive  horizontal  ftratum  of  particles  of  water  down-^ 
wards  till  it  reaches  the  fphere  of  influence  of  another  particle 
of  gas.     For  inftance ;  let  any  gas  prefs  with  a  given  force  on 
the  furface  of  water,  and  let  the  diflance  of  the  particles  of 
gas  from  each  other  be  to  thofe  of  water  as  10  to  1 ;  then  each 
particle  of  gas  mod  divide  its  force  equally  amongd  100  parti- 
cles of  water,  as  follows:— It  exerts  its  immediate  force  upon 
4  particles  of  water;  thofe  4  prefs  upon  9,  the 9  upon  ]6» 
and  fo  00  according  to  the  order  of  fquare  numbers,  till  lOO 
p|iife||sof  water  have  the  force  didributed  amongd  them  ; 
and  mto^&me  dratum  each  fquare  of  100,  having  its  incum- 
bent particle  of  gas,  the  water  below  this  dratum  is  uniformly 
preiled  by  the  gas,  and  confequently  has  not  its  equilibrium 
difiurbed  by  that  preflTure.  * 

.    6., When  water  has  abforbed y^  of  its  bulk  of  any  gfui,  the 
ilratum  of  gas  on  the  furface  of  the  water  prefles  with  |^  of 

its 
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its  force  on  tlie  water,  in  tlie  manner  pointed  out  in  the  lafl  ^"^jj"^ 

article^  and  with  ^of  its  force  on  the  uppermoft  flratDin  o^i^tlooof 

gas  in  the  water:  The  diftance  of  the  two  ftrata  of  gas  muft  by  denfe  " 

be  nearly  27  times  the  diflance  of  the  particles  in  the  incum-  *'* 

bent  atroofphere,  and  9  lioie^  the  diRance  of  the  particles  in 

the  water.     This  comparatively  great  diftance  of  the  inner 

and  outer  atmofphere  arifcs  from  the  great  repulGve  power  of 

the  latter,  on  account  of  its  fuperior  denfityi  or  its  prefefiting 

9  particles  of  furface  to  the  other  I.     When  -^:^  is  abforbed^ 

the  diflance  of  the  atmofphcres  becomes  6^  times  the  diftance 

of  two  particles  in  the  outer,  or  16  times  that  of  the  inner. 

The  annexed  views  of  perpendicular  and  horizontal  ftrafta  of 

gas  in  and  out  of  water,  will  fufHciently  illuflrate  thefe  po« 

fitions. 

7.  An  equilibriam  between  the  outer  and  inner  atmofpheres 
can  be  eflabli(hed  in  no  other  circumilance  than- that  of  the  dif- 
tance of  the  particles  of  one  atmofphere  being  the  fame  or 
fome  multiple  of  that  of  the  other;  and  it  is  probable  the  mul- 
tiple cannot  be  more  than  4.  For  in  this  cafe  the  diftance  of 
the  inner  and  outer  atmofpheres  is  fuch  as  to  make  the  per- 
pendicular force  of  each  panicle  of  the  former  on  tbofe  parti- 
cles of  the  latter  that  are  immediately  fubjedt  to  its  influence, 
phyiically  fpeaking,  equal ;  and  the  kmt  may  be  ofaferved  of 
the  fmall  lateral  force. 

8.  The  grcateft  difficulty  attending  the  mechanical  hypo- 
thefis,  arifes  from  different  gafes  obfervmg  different  laws. — 
Why  does  water  not  admit  its  bulk  uf  every  kind  of  gas  alike  ? 
This  queftion  I  have  duly  confidered,  and  though  I  am  not 
yet  able  to  fatisfy  myfelf  completely,  I  am  nearly  perfuaded 
that  the  circumftance  depends  upon  the  weight  and  number  of 
the  ttltiniate  particles  of  the  feveral  gafes:  thofe  whofe  par- 
ticles are  lighteft  and  (ingle  being  leaft  abforbable,  and  the 
others  more,  according  as  they  incieafe  in  weight  and  com- 
plexity.*  An  enquiry  into  the  relative  weights  of  the  ulti- 
mate particles  of  bodies,  is  a  fubjedl,  as  far  as  I  know,  en* 
tirely  new :  I  have  lately  been  profccuting  this  enquiry  with 
renarkable  fuccefs.  The  principle  eannot  be  entered  upon  in 
this  paper;  but  I  (hall  juil  fubjoin  the  refults,  at  far  as  thejr 
appear  to  be  afcertained  by  my  experiments* 

knot  readers  thiscoajeftare  Icif  probable. 
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Wtt^ti  of  tltt  TiAU  of  the  relative  weights  qf  the  ultimate  partideg  qf 
"^  and  other  bodits,  ,^1 

Hydrogen        ....•.•! 
Azote  -..---- 

Carbon  .....-•     4"4«fl 

Ammonia    --..-••  5«S'ji|. 

Oxygen  -.---•• 

Water 6S } 

Fhofphorus      .-...-•      7i2 .« 
Phofph a  retted  hydrogen        ....  8.2  i 

Niirous  gas  ..•-•«       9.S 

Ether 9.6 

Gafeous  oxide  of  carbon  -        -        -         •         9.8   ■ 

Nitrous  oxide  .....  13.7 

Sulphur 14ii4 

Nitric  acid       -        -        •        -        •        -        -     15.2 
Sulphuretted  hydrogen  -        -        •        •         15.4 

Carbonic  acid  -        -        -        -        -        -15.3 

Alcohol        -        -        -        -         »        -        -        15. 1 

Sulphureous  acid      ..•--.     19.9 
Sulphuric  acid       ....--        25.4> 

Carburelted  hydrogen  from  (lagnated  water  6.3 

Oleiiant  gas       ...-••.    5,3 


VI. 


Fafciniting 
power  of  the 
rattle- fnalce 
defcribed  by 
Fabriciui. 


On  the  Jhppoftdfafcinating  Power  qf  the  Rattle-Jhake.  With  a 
remarkable  Indian  Tradition  upon  which  it  is  probable  tkc 
early  European  Settlers  founded  their  popular  Taleu  From 
the  Philadelphia  Medical  and  Phinfical Journal,  by  Benjamin 
Smith  Barton^  M,D. 

JljlLMOST  all  amphibious  animals  ((ays  ProfefTor  FabrkuiiJ 
the  tortoife  excepted,  live  by  preying  upon  other  animalff. 
But  being  deftitule  of  flrength  and  fwiftnefs,  nature  has 
given,  at  lead  to  fome  of  them  (according  to  the  teflimony  of 
many  and  creditable  writers,)  the  peculiar  faculty  of  forciog 
other  animals  to  throw  themfelves  into  their  open  jaws.  Kalm, 
the  Swede/  iuid  (he  American  Smith  Barton^  aflert  of  Ae 

Ameriean 
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American  ferpen(^?,  that  if  they  fix  tlieir  fi<»ry,  glaring  cjes 
ipOBny  ■nimaJ,  fuch  as  a  fquirrcl^  or  a  bird,  within  a  certain 
difiiDcep  thej  entirely  Jofe  the  power  of  ef'caping,  but  tlirow 
ftenfelves,  flowly,  irrefiflibly,  into  the  extended  jaws  of 
the  fiiakc.  And  if  any  thing  diflurbs  the  fnake^  fo  that  it 
wiAdraws  its  eyes  but  for  one  moment,  they  efcape  with  the 
Mmft  precipitation. 

We  obferve  (conlinnes  this  learned  nataraliO)  fomething 
taikrto  this  in  our  common,  tardy,  thick,  and  fat  toads, 
vbich  frequently  fit  under  little  ilones  and  bulhes,  having 
Anr  mootbs  wide  open,  into  which  flies,  bees,  and  other 
infeds,  are  drawn  in  the  fame  manner.  All  the  theories 
tint  have  hitherto  been  offered  to  explain  thefe  appearances 
appear  to  me  both  unnatural  and  improbable.  Indeed,  I  can- 
not but  doflbc  the  reality  of  the  faft  itfelf,  until  we  (ball  re- 
ceive furl  her  oblervations  and  difcoveries  relative  to  ii. 

J.  C.  Fab  RICH,  ^c, 

RefuUate  Naiur-llifiorijcher  l^orltj'ungen, 
p. '267,268.     Kiel:   1801'. 

It  win  be  evident  to  any  one,  who  has  pcntfed*  with  at-  Annotitidn  hj 
tention,  my  two  publications  *  on  the  fiippofed  fafcinating 
bcvlty  of  (he  rattle-fnake,  and  other  American  ferpents,  that 
Mr.  Fabricius  has  by  no  means  fully  comprehended  my  pecu- 
liar theory.     I  have  not  adopted  the  hypothelis  of  the  very 
refpedable  Kalm,  with  whofe  name  mine  is  mentioned  by 
the  Danith  ProfefTor.     On  the  contrary,  I  have  endeavoured 
lo  (how,  and  I  flatter  myfcif  ihat  I  have  very  fatist*a6!orily 
(hown,  that  there  is  no  Iblifl  foundation  ior  the  vulgar,  and 
very  generally-received  opiniooi    that  ferpents  are  endued 
with  the  faculty  of  fafcinating,  or  charming,  other  animals. 

B.  S.  B« 

The  following  very  curious  tradition  of  feme  of  our  Indians,  Namdve. 
relative  to  ferpents,  is  worthy  of  publication  in  this  place. 
A  part  of  the  tradition  has  already  been  publiflied  in  my 

*  A  Memoir  concerning  the  Fafcinating  Faculty  which  has  been 
aicribed  to  the  Rattle-fnake,  and  other  Ameiican  Serpents.  Phi- 
lac^dphia:   1796. — Supplement  to  a  Memoir,  &c.    Philadelphia, 

UoO.-.Or  lee  PbUof.  Journal,  Volt.  VII.  and  VIII. 

SuppUmcnt 
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Supplement  to  a  Memoir  coHtrrning  ibe  Ea/cinating  i 
•ttliich  luu  been  aj'crihed  to  tfit  Rallle-J^'ake,  (utd  fftlcr  J 
Strpentt. 

'  Having  qucfiioned   Indam,  a  nunber  of  liw 
Kfpvfl  lo  liiakeG  having  the  (xiwer  of  channing,  ■ 
beiitg  aiifwercd  in  ihe  negative,  I  wu  at  Icoglh  d 
my  Iriend,  Mr.  Juhn  Heckewelilec)  lo  give  (he 
wbil«   people  had  for  believing   fuch    »  ihingi 
nvle-rnilte  being  faiiitadotj,  Ponialiolend  ■  declared :  "  The  r 
raftrnd"'  •*bl»in»  iu  food  merely  by  (lyiicfi,  and  ft  pcrfeverim  p 
efi.  It  knoM'clli  a*  well  where  to  watch  for  its  prey  at « 

and  fucceeda  as  well.  It  has,  and  relaini  its  hunttng  gi 
In  rpring,  when  liie  warm  weatiier  felt  in,  and  I 
feem  alive  with  the  TiDaller  anitnaU,  it  leaves  itt  dsB. 
CTofs  a  river,  and  go  a  mile  and  further  ftom  111  d 
place  it  intcndi  lo  I'pend  the  fummer;  and  in  till, 
llic  young  animali  bted  this  feafun  arc  become  1 
aAivc,  To  that  thiy  are  no  more  (a  eafiiy  overtaken  Oi 
it  ififeA)  its  courfe  back  again.  In  ils  den,  ibe  £ 
hunter  does  to  Fiis  camp. 
laiHtitiuditioB.  "  The  white-peiiple,"  continued  Pemaholend,  "f 
have  laken  the  idea  of  this  fnake  having  the  power  o 
ing  from  a  tradition  of  ours  (tlie  Indiant)  which  t 
fathers  have  handed  down  la  u;,  from  many  li 
backi  and  long  bL-fotc  ever  ilte  while  people  came  in(0  tU* 
caentry.  Then  [idey  tell  us)  there  unit  fuch  a  t'nake,  »i4  ft  I 
raltlc-fnake  too,  but  then  there  was  o»\y  thit  one  fnaVe  wflidl 
bad  this  power,  and  he  was  afterwards  dcflroycd  ;  and  fince 
thai  time  it  hath  never  been  liiid  thai  any  other  ef  the  kind 
had  made  its  appearance." 
iittte  '  At  my  requef),  Pemaholcnd  related  the  Iradilioti,  ulu) 
""'"tlie  following  words.  '■  Our  forefathers  have  told  u^  tint 
at  a  fmalllake,  or  large  pond,  not  a  great  diftance  froia  where* 
ai  is  believed,  now  the  great  city  Sucgueauku  (Philaddplria) 
is  built,  there  dwell  a  ratile-fnake,  whofe  leiigth  and  tbidT- 
tiefi  exceeded  that  of  the  thicket)  and  longell  tree  in  the 
woods.  This  fnakc  was  very  deflruQive,  not  only  in  deflnif- 
ing  fe  much  game,  bnl  in  devouring  fo  many  Indionv:  for 
when  be  was  hungry,  he  only  looked  round,  and  wbale««t,^ 

*  An  aged  and  much  refpefied  Dtltw  are -Indian*  i 
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m,  wlMtbor  Indiu»  deer,  tarkey,  or  even  geefe  flying,  he  American  natii 
il^  held  his  head  Ihat  way,  opening  his  mouth  wide,  and  ,  r..tu-f»^i>^, 
nwiag  breath  in  the  manner  we  do,  and  nothing  could  pre- 
fcat  foch  living  creature  entering  his  jaws.  It  is  even  faid. 
Alia  whole  flock  of  geefe,  flying  slz  great  diflance,  have 
laa drawn  into  his  mouth,  at  one  time;  *  and  it  was  well 
fanvB  among  the  Indians,  that  of  all  the  hunters  or  traveU 
Jub  who  paflSed  that  way,  very  few  efcaped  him. 

^  The  Indians  well  knew  when  he  was  hungry,  for  then  he 
giew  angry,  and  blew  with  his  mouth,  which  founded  like 
dnnder:  for  his  breath  was  fo  powerful,  that  all  the  trees, 
Jbowevcr  large,  would  bend,  and  even  fometimes  break  down 
More  him.    There  being  no  profpedt  of  ever  killing  him  with 
arrows,  oo  account  of  the  barrennefi  ol'  the  land  far  round 
the  lake,  into  which  he  would  always  retire,  alter  fatisfying 
his  hunger,  a  great  council  of  the  nation  was  called  together, 
mnd  tlm  queflion  pat.  Where  are  the  Mannittoes  of  the  nation  t 
Art  tkg^  no  more  f  Shall  the  whole  of  the  mUion  be  deftroyed  hy  • 
MoMmiUhSnake  f  At  length,  two  young  roeni  endowed  wilb 
Mmuuitoie  pouerst  offered  their  fcrvices,  and  declare<l,  thai 
wile&  the  Mannittoie  power  of  the  fnake  exceeded  theirs, 
Ibcj  iboold  fucceed ;  but  they  would,  at  all  eventi,  make  an 
atlenpt.     They  then  bid  farewell  to  the  aflembly  and  their 
friends,  dived  into  the  river,  from  whence  they  proceeded 
und«r  the  water  to  a  place  oppofite  the  Menn(ippeek  (lake^ 
or  large  pond)  where  this  fnake  dwelt.  They  made  an  opening 
under  ground,  from  the  river  to  the  centre  of  tiie  pond,  by 
which  the  pond  was  drained,    and  became  perfedly  dry. 
Alter  returning  again,  the  fame  way  they  had  come,  they 
found  the  foake  in  great  uneaiinefs,    and  on  dry   ground* 
Taking  then  the  advantage  of  the  dry  weather,  and  the  graft 
br  around  the  fnake  being  dry,  they  fet  Are  to  the  grafs,  at  a 
difiance,  and  around  the  I'nakc,  by  which  means  he  was  burnt 

*  It  is  curious,  at  leaft,  to  ccmparc  this  part  of  the  Indian  tra^ 
4ition  with  what  Metrodorus,  as  cited  by  Pliny,  relates  of  certain 
Aiiatic  ferpents.  Thefe,  he  fays,  by  means  of  their  breath,  at- 
tia&ed  birds,  however  high  they  were,  or  however  quick  their 
flight.  **  Mctrodonis,  circa  Rhyndacum  amuem  in  Ponto,  ut 
fupcrvolantes  quamvis  alte  pemiciterquc,  alitss  hauftu  rsptas  ab* 
fiffbcant/*    Plin.  Hift*  Nat.  lib.  viii^  cap.  U. 

to 


304  RATTLB-SirAKB, 

Ameriam  udfe  (o  dtttb.  *    Thus  (contuiued  Pemaholend)  wai  Uie  moiifkr 
^|!i^^j}^'  *  killed  by  two  mannilto  men  of  the  nation:   for,  yaa  nitt -; 
-  knovr,  in  thofe  days,  we  had  fuch  men  among  us,  who  oodd  ^ 
live  as  well  in  the  water  as  on  land." 

'  Converfing  one  day  with  a  Monfy  (advanced  in  yeui) 
on  ancient  times,  on  the  migration  of  the  Indians,  &c.  b^  ia 
order  to  convince  me  (fays  Mr.  Heckcwelder)  what  Um 
Indians  once  were,  mentioned  the  killing  of  the  big  fnake, 
tlie  hiftory  of  which,  according  to  his  relation,  difiering  only 
in  the  following  points : 

*'  a.  He  did  not  think  it  had  been  a  rattl^fnake,  but  nnder- 
ftood  the  old  men,  from  whom  he  had  heard  it  fo  often  le- 
lated  (when  he  was  young),  thai  it  was  a  fnake  of  a  peculiar 
kind,  and  had  keet ;  and  that  never  fince  had  a  fnake  of  this 
kind  appeared : 

"  b.  That  he  was  not  fure  as  to  the  place  where  this  fnake 
kept;  believed  it  had  been  higher  up  the  country,  and  kept 
in  a  wide  and  deep  place  of  the  river,  and  in  the  country 
of  the  Muiifees  (or  Minfy)  and  was  killed  by  a  Mannitto 
Alunfee : 

"  c.  That  after  the  nation  had  met  in  council,  and  the  above 
quefiions  put,  a  Munfec  man  of  no  character,  nor  feemingly 
of  any  confequcnce  to  the  nation,  faid  and  declared,  that  he 
had  Mannittoic  Pavjirs;  could  and  would  deflroy  the  monfter, 
prefcribing  the  ceremonies  the  allembly  were  to  obfcrve  during 
the  expedition.  That  he  tiien  made  a  very  Arong  arrow,  or 
fpear,  ibarp  at  both  ends;  and  being  equipped,  took  leave 
of  the  aflembly — plunged  into  the  river,  and  dived  under 
ivater,  until  he  arrived  within  a  fmall  diHance  of  the  place 
wrhere  the  fnake  lay,  or  floated,  balking  in  the  fun.  Here 
he  afcended  to  the  furface,  and  calling  out  to  the  fnake  to 
receive  him,  he  opened  his  mouth  wide,  and  drew  him  in, 
when,  however,  in  an  infant,  the  fnake  was  dabbed  by  him 
through  both  his  fides,  with  the  fpear,  which  wounded  him 
4b  deadly,  that  he  gave  a  whirl,  and  being  under  great  pain, 
difcfaarged  his  excrements,  and  with  the  fame  this  hero»  who 

■ 

*  Even  this  part  of  the  Indian  tradition  fcemi  to  be  borrowed 
fVom  the  bid  world.  See  a  curious  relation  of  the  capture  of  an 
enormous  ferpent-in  The  Life  of  Set hos^  as  taktnfrom  /trrjote  mc" 
swirs  of  the  Egypianu  •  Vol  i.  p.  125—147.  London,  1737. 

then 
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to  fmiD  again  to  fliore^   annoancing  bis  vi6iory,  ttfid  con* 
gntakllag  the  afTcmbly  on  the  deliverance  of  the  nation. 

"Tbttf  (continued  the  old  Muiifee)  were  the  Indians  of  tfiofe 
dxjft  MannittiX9,  Nothing  could  refif!  them.  They  kneiv 
ootiiing  of  drowning.  Oar  firll  Parents  have  fprung  hrom  the 
tettom  of  a  lake.'' 


VII. 

A  Dejttiptimi  qf  •  Property  qf  Caoutchouc,  or  Indian  Rubber; 
*  <  -#il4  Jbme  Rejitctions  on  tlie  Caujh  of  the  liiajiiciiy  qf  thi$ 
Stdfiance.    Jn^a  Letter  to  Dr.  Holmk.* 

SIR,  Middlejhaw,  near  Kendal,  Nov.  26,  1802. 

J.  HE  fubflance  called  CaoutcJiouc,  or  Indian  Rubber^  pof* 
feflei  a  lingular  property ;  which,  I  believe^  has  never  been 
Ukeo  notice  of  in  print,  at  Jeaft  by  any  Enghfli  writer;  the 
prefent  letter  contains  my  experiments  and  refledions  on  the 
iobjed ;  and  (bould  ihey  appear  to  deferve  the  attention  of 
your  philotophical  friends,  I  am  certain  you  will  take  the 
trouble  of  communicating  the  paper  to  the  Literary  and  Phi- 
losophical Society  of  Maiiclicdcr. 

The  pri.-|  ^-riy  I  am  about  to  defcribe  depends  on  the  tempe-  Caoutchouc 
raiure  of  tnc  Caoutchouc,  which  is  ufed  in  the  experiment ;  °^^^  P^^^c  ^ 
tor  heat  increal'cs  the  phancy  of  the  fubflance,  and  cold,  on       ' 
tiiis  contrary,  renders  it  more  rigid  :  fo  that  when  a  flip  of  this 
f  Clin  has  been  futticientiy  warmed,  it  may  be  extended  to  more 
than  twice  its  natural  length,  by  a  moderate  force  applied  to 
its  extremities,  after  which  it  will  recover  its  original  diinen« 
lions  in  a  moment,  provided  one  of  the  ends  ot  it  be  let  go 
■i  ffjon  as  it  iias  been  liretchcd.     This  difpofition  of  the  fob- 
^ance  may  be  produced  by  a  degree  of  temperature  lefs  than 
(he  heal  ol*  the  blood;  it  is  tlicreiore  neceHary  to  prepare  a 
il}p  ot  it,  by  deeping  it  for  a  few  minutes  in  warm  water^ 
4jT  bv  holding  it  Ibmewhat  longer  in  the  hi\;  either  of  thefe 
prwcju'ions  niake.4  the  relin  pliant,   and  his  it   for  tiie  ex- 
riirent;  which  is  performed  in  the  following  manner. 

*  Mancbesltr  M?m.    N.  S.  Vol.1. 

I  maJe 
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I  fliftde  a  piece  of  Caautchoac  n  lillle  heavivr  than  m 
bulk  of  w»ier,  lim  (cmpeiatnTe  of  wbich  wa*  45  deg 
■he  vejlel  coiiliining  lliu  T«l!n  nnd  w»ter  was  ihen  pIsc 
tlie  fire ;  and  when  tlie  coiiieiils  of  il  weie  healed 
degrees,  tlic  Caoulchuuc  fioaled  on  (he  Curlace. 
itbfcnmEt  cald      £j^.  |.  H'lliJ  one  end  ol'  the  Hipi  ihui  prvpared, 
fe''ouf"nd"h^t  "'*""""'' ■"'""'^■''"g^'  o'"  each  hand  J  bring  the  n 
b)  coatiaOioa.  the  piece  intoflig!it  contact  with  ihe  edget  of  the  lipi ;  * 

care  lo  ketp  il  liraiglii  at  the  lime,  bol  not  lo  flretch  it  n 
beyond  itt  natural  len^ili:  aTicr  taking  tliefe  prirpafalarjrft 
«Klend  ihe  Hip  fuitdeiily  ;  and  you  will  imiDediatetji  p 
ft  fenlatiiHiof  warmih  in  ijial  part  af  (he  moutb  wbicbu 
it,  ariljngfriim  an  augmentation  of  ticm]i«rBtufe in 
diouc:  for  tliii  rcfin  evidently  grows  warmer  (he  furtherfl 
«xtcnded ;  and  the  «lge«  of  the  lipt  potTels  a  high  dej 
fenfibilily,  which  enablei  them  lo  difcover  ihefe  change 
gree(er  6u:iUty  dun  other  parlt  q1~  (lie  body.  Tl>«  ii 
lemp«rv(urc(  which  ii  perceived  upoa  extending  s  ; 
Cioulchouc,  may  b«  deflroved  in  an  in(l»i>t,  by  I 
Ihe  flip  10  conirad  agdn  ;  which  i(  will  do  quickly  b 
of  tU  own  fpritig,  as  otl  a«  the  touching  lorlli  coafes  (o  afi  U 
fbon  at  il  hat  be«n  fully  exerted.  Perhaps  it  will  be  liud, 
that  the  preceding  expeiimunt  is  conduced  in  a  negligent 
manner;  (hat  a  pcifon,  who  wijlies  for  accuracy,  will  not 
Iruli  his  own  fenle  of  leeling  in  iiiquiriei  of  (hi<  dcfcriptioa, 
but  will  contrive  to  employ  a  (hennomcier  in  ihe  bafuwf*. 
Should  (he  objc^iun  be  Aarled,  the  anl'wer  lo  it  is  obvioui ;  fuc 
Ihe  esperiDien(  in  its  pf<:fent  ftatc  demimflrelas  (he  reality  of 
a  tioguW  ia&i  by  convincing  that  fenle,  which  it  the  only 
dire£l  judge  in  (he  cafe,  that  the  tempeiature  of  a  piece  of 
Caoulcliouc  may  be  changed,  by  compelling  it  to  change  ili 
dinieiif-Dus.  The  ufe  of  a  Ihermameter  deierminct  the  fcla« 
live  magnitude*  of  ihefe  variations,  by  referring  ihc  qunllioa 
of  UBperature  to  ihe  eye  ;  experiment!  of  this  fort  are  there- 
fore of  a  imnhcnidiical  i)atur>?,  and  afford  a  kind  of  know- 
ledge with  whiL-h  we  have  noiliing  lo  do  at  prelent ;  tor  we 
ate  BOt  inquiring  after  proportions,  but  endeavouring  to  e(la> 

*  This  effcA  was  firll  naiiced  in  ITB4,  at  Mr.  Kirwan'i  mcelingt 
ill  Newman  fiiect,  and  Dr.  Crawrord  ifcribed  it  to  change  of 
capacity  limllar  to  what  he  fuppoled  to  take  place  in  a  nail  by 
hammering- — N. 
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blilk  die  cerUinty  of  »  bA,  which  m»y  affift  in  dircovoriog 
fbo  reafoD  of  the  uocomrooa  elafticity  obferrpble  ia  Caoab> 
choac.  My  eflay  or  letter  appeari  to  be  running  into  a  long 
■digreffion;  the  fubjeft  muft  therefore  be  refamed^  and  it  will 
not  be  improper  to  premife  the  following  fiinple  experiment, 
in  the  prefent  (late  of  the  inquiry  ;  becaufe  it  feems  capeble 
of  affording  no  inconfiderable  degree  of  infight  into  the 
plan  which  natare  purfaof  in  producing  the  phenomenon  in 
quefiion. 

Ejep.  2.  If  one  end  of  a  (lip  pf  Caoutchpac  be  faftened  to  Caoutchouc 
a  rod  of  metal  or  wood,  and  a  weight  be  fixed  to  the  other  «heo  ftrccched 
extremity,   in  order  to  keep  it  in  a  vertkaJ  pofition;  ^he  ^J^^'J^^J^ 
thong  will  be  found  to  become  (horler  with  heat  and  longer  Uy  coid, 
with  cold.    The  proeefTes  of  heating,  cooling,  and  meafurii^ 
bodies  are  fo  well  known*  that  I  need  not  enter  into  the  mi- 
nuter parts  of  the  experiment ;  it  will  be  proper,  however, 
to  add,  that  an  increafe  of  temperature  diminiihes  the  fpe- 
cific  gravity  of  the  Indian  Rubber,  and  a  lofs  of  heat  occa- 
iiont  a  contrary  effe^  in  it ;  as  I  have  proved  experimentally. 
The  knowledge  of  the  latter  fadt  leads  me  to  conclude,  ap. 
parently  on  reafonable  grounds,  that  the  pores  or  interfticea 
of  Caoutchouc  are  enlarged  by  heat,  and  dimioiflied  by  coM; 
confiequently  when  a  flip  of  this  fubftance  which  remains  ex- 
tended by  a  weight,  or  the  application  of  force,  happens  to 
contract  from  an  acceflion  of  temperature,  the  capacity  of 
its  pores,  taken  feparately  or  coliedtivdy,  is  augmented  by 
the  change  that  takes  place  in  the  figure  of  the  thong.     Now  fpi^^^^  j^^ 
if  the  exiftencc  of  caloric  be  admitted,  it  will  follow  from  this  fvbftancc 
the  preceding  arguments,  that  the  phenomenon  under  con- "  ,*^*^*^^  **y 

-  .  .        .  P        .  .       ,        ,  .  r         •  1         •/»•       Calonc,  as  roprt 

uderation  is  occalioned  by  the  alternate  abtorption  and  emiwon  ait  by  water  i 
of  the  calorific  fluid,  in  the  fame  manner  that  ropes,  the 
blades  of  Fuci,  as  well  as  many  more  bodies,  are  obliged  to 
oontrad  and  extend  themfelves,  by  the  alternate  abforptioo 
and  emilBon  of  water.-^You  will  perceive  by  the  tenour  of 
the  foregoing  obfcrvations,  that  my  theory  of  this  cafe  of 
elailt^ty  is  perfectly  mecbanicai ;  in  fad,  the  explanation  of 
it  depends  upon  the  mutual  attradion  of  Caloric  and  Caout- 
chouc; the  former  of  which  penetrates  the  latter,  and  pervades 
evtry  part  of  it  wilh  the  greatefl  cafe  and  expedition ;  by 
which  the  refin  is  compelled  to  accommodate  its  pores  to  that 
portion  of  the  Calorific  fluid  which  is  due  to  its  whole  roafs, 

at 


.ttfanj  paHtQtbr  degree  of  temperature.  In  order  to  apply 
the  tail  remark  to  th^  pheoofnenon  under  condderatioa  I  majr 
obferve»  (hat  if  atorce  be  exerted  on  a  piece  of  Caoutchonc 
to  alter  the  dimenflons  of  its  poreS)  (he  matnei  attradkton 
mentioned  aboire  will  refift  the  efibrt.  But  the  eafe  with 
which  this  fubf^ance  may  be  made  to  change  its  6gure^  and 
the  retra^ile  power  which  it  poflefles  on  thefe  occafions, 
fliew  that  its  condituent  particles  move  freely  amongd  them- 
fclves:  but  where  there  is  motion,  there  is  void  fpace;  con* 
(equently  Caoutchouc  abounds  with  innumerable  pores  or  in« 
terftices^'  the  magnitudes  of  which  are  variable,  becaafe  the 
fpeci/ic  gravity  of  the  refin  becomes  lefs  with  heat,  and  greater 
iftat  iti  canity  with  cold.  Now  if  the  dimenfioas  of  the  pores  in  a  piece 
niSlly  aleered*'  ®^  Caoutchouc  can  be  leiTened,  without  taking  away  part  of 
and  the  caloric  the  matter  of  heat,  which  it  contains  at  the  time;  this  new 
cauiuied^  &c.  m-f^ngement  in  the  internal  ftrn£ture  of  the  flip  will  Icflen 
its  capacity  for  the  matter  of  heat,  and  confequently  augment 
its  temperature.  But  the  warmth  of  (uch  a  flip  is  increafed 
by  firetching  it,  -according  to  the  drd  experiment ;  the  pores 
of  it  are  therefore  dimini(hed :  and  the  effort,  which  it  exerts 
at  (he  time,  arifes  from  the  mutual  attradion  of  the  Caout- 
chouc and  Caloric ;  which  attra61ion  cau fes  an  endeavour  to 
enlarge  the  inlerfliccs  of  the  former  for  the  reception  of  (he 
latter ;  honce  it  happens  that  the  thong  contracts  longitu«> 
dinally,  according  to  the  fecond  experiment,  and  the  re- 
dundant caloric  is  abforbcd  in  the  courfe  of  this  operation, 
which  again  reduces  the  temperature.  The  preceding  ex- 
planation agrees  very  well  with  the  phenomenon,  as  it  is  fiated 
in  the  beginning  of  this  letter ;  and  the  theory  receives  ad* 
ditional  confirmation  from  the  following  fuels. 
Overftretchcd         £ip.  3.  If  a  thong  ol  Caoutchouc  be  ftretched  in  water 

Cjoutchouc        warmer  than  ilfelf,  it  retains  its  elaflicity  unimpaired  ;  on  the 
does  not  com-  -^  •  j       ..        • 

pleiely  recover    contrary.  It  the  expermienl  be  made  in  water  colder  than  it* 

itfelf  in  the        fe)f^  it  lofes  part,  ol"  its   retradile   power,  being   unable  to 

reftorca  its  eUf-  recover  its  ftwrncr  li^«rc  ;  but  let  the  thong  be  placed  in  hot 

ticicy:  water,   while  it  remains  extended  for  want  of  fpring,  and 

the   heat  will   immediately  make   it  contrad  briikly*     The 

foregoing  circumftanccs  may  be  confidered  as  proving,  that 

the  elafticity  of  Caoutchouc  is  not  a  conditutioniil  quality  of 

whence  the        the  fubftance,  but  a  continjrent  elTed,  arifin;'  from   the  lofs 

c*^iicity  ii  dc-  ^^  equilibrium  between  the  portion  of  caloric,    which  the 

du&cu,  &c.  refm 


TRAINING    OP    ANIMALS,   &C.  309 

fefin  bmppens  to  contain  at  any  moment^  and  its  capacity  to 
e  that  fluid  at  the  fame  In  flan  t.  The  objefl  of  the 
letter  is  to  deitionftrate,  that  the  facalty  of  this  body 
to  IUmIi  the  calorific  principle,  may  be  leflened^  by  forcibly 
AAMHsg  the  magnitodes  of  its  pores ;  and  this  eiTential 
|itfht  of  the  theory  may  be  confirmed  by  experiment :  for 
At  ipecific  gravity  of  a  flip  of  Caoatchoac  is  increafed,  by 
fceij^ng  it  exlendedy  v^bile  it  is  weighed  in  water. 

JOHN  GOUGH. 
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0^/bvflCioBf  on  tke  training  of  Pugilijts,  Wrejlkrs,  Jockiet,  and 
orkra^  wko  give  the^fidva  up  to  Athletic  Exercifcs;  with/om* 
9i«mBi  fir  difiofotring  the  Friacipia  thereof ,  and  the  Proceft 
qf  tmmi^g  Running  IlorJeSf  ifc,  with  a  View  qf  afcertaining 
ttMkr  th^Jkioe  canj'urnijk  any  Hints  ferviceable  to  the  Human 

IROFESSION  AL  men  are  ready  to  acknowledge^  that  pre-  Genenl  coe« 
vntkm  is  better  than  cure;  and  the  bed  informed  ingennoufly  ^^"^'|^V 
ajmit,  that  organic  difeafes,  once  confirmed}  are  beyond  the 
reach  of  their  art.  As  organic  difeafes  generally  proceed  from 
Aim  and  gradual  changes,  they  may  certainly  be  prevented 
by  temperance  and  labour;  by  aflivity  of  body^  and  content- 
ment of  mind.  In  regard  to  the  common  metaphydcal  ez- 
preffioniy  "  of  the  exliauHing  of  the  excitability ;  of  the 
wearing  of  the  parts;  of  (he  altrillon  of  our  fluids,  in  circu- 
btion,  againfl  the  folids;  of  tlie  abrafion  of  the  folids  by  fric* 

*  The  fuhfequent  queries  and  obfervations  have  been  circulated 
\j  Sir  John  Sinclair,  with  a  view  to  obtain  information  concern- 
lag  die  effects  of  diet  and  cxercife  on  the  human  frame,  from  a 
4hA  of  practical  expcrimentaliftt,  whom  the  pride  of  icience  hat 
bitbercoovcrlookeit.  The  philofophical  luaiiner  in  which  this  branch 
of  diftatic  medicine  is  here  confidered,  appears  to  render  it  a  fit 
objcA  for  infertion  in  a  Journal  condu6led  on  the  plan  of  the  prc- 
feat.  In  promoting  the  circulation  of  this  paper,  we  have  no 
-doata  that  we  4re  coinciding  with  th«  plan  of  the  author,  by  ex- 
tendiBg  his  means  of  informaticn :  Any  communications  tending 
to  throw  funher  light  on  the  fubjeCl,  will  be  acceptable.    W.  N. 

Vol.  XIII.— Apbil,  18;6.  Z  lion; 
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^Qti;  of  ibc  debiiity  produced  by  the  moft  natural  powm 
Capporting  lifei  iwmely,  the  w»Ae  of  fubdtmoe  created  by 
th^t  exercife  and  labour^  for  which  we  feem  peculiarly  det 
tinod/' — all  thefe  cxpreffions  are  es^trenely  iul'picioua.    Tbq 
fpeculator  is  always  to  be  f^fpededy  wbeni  for  faking  plailidl? 
red  b&M,  he  involves  his  want  of  meamng*  and  coafcipua  ig« 
noranoe,  in  leaded  words,  or  metaphor. 
It  is  orually  Tup-     Thefe  metaphorical  exprcfllons  hav^  originatpd  m  a  per* 
and  othel^follT'' '^^^^«  that  the  bones,  cartilages,  mufcles^  and  other  folid 
pvti  are  permi-  parts,  being  once  formed,  are  permanent,  becaufe  the  identity 
a^rocoeffiveiy  ^  ^  individual  it  pernanent ;  and  that  being  once  ferned^ 
xcplaeed,  Uke     and  always  retaining  one  (hape,  their  adual  component  part* 
thcAuidi*  |Q^^  continue  the  lame.     Nothing  in  philofophy  is  farther 

from  the  truth.     There  arc  experknenls  to  demonf^ratey  that 
every  part  and  particle  of  the  firmed  bones,  is  fucceilively 
abforbed  and  deposited  again  *.      The  folids  of  the  body^ 
whatever  their  form  or  texture,  are  inceifantly  rencived'.   The 
khote  body  it  a  perpetual  fecrelion,  and  the  bones  and  their 
liganents,  the  mufclcs  and  their  tendons,  all  the  finer  and  ail 
the  more  flexible  parts  of  the  body,  are  as  continually  renewed, 
and  as  properly  a  fecretion,  as  the  faliva  that  (1(mvs  fconi  fbi^ 
mouth,  or  the  moi(lnrc  that  bedews  the  furface.    The  health 
of  all  the  parts,  and  their  fouiidncis  of  ftru^ure,  depends  on 
this  perpetual  abl'orption^  and  perpetual  reuovation  ;  and  ex- 
ercife, by  promoting  at  once  abforpiion  and  fecretion,  pro* 
moles  life,  without  hurrying  it ;  renovates  all  the  parts  and 
organs,  and  preferves  them  apt  and  fit  for  every  office. 
Kimition  is  a         Nutrition  belongs  not  to  the  AoR)«ich  alone,  which  but  pre- 
fcneral  procc&*  pares  the  food,  and  converts  it  into  chyle,  but  to  the  velfels 
by  which  it  h  circulated,  and  appropriated  to  the  nutrition  of 
parts,  which  of  courfe  is  performed  by  every  petty  artery  of 
the  body. 
Many  general        In  nothing  fbould  we  be  more  anxiouOy  careful,  than*  in 
rules  are  rafli      \^y\^g  down  rules,  which  mufi  affea  the  health  of  thoufands  ; 
and  whenever  we  proceed  on  do6lrines,  unfupported  by  fa£l» 

*^  This  has  been  afcertained  by  giving  madder  to  growing  animalf^ 

.efpecially  pigs  and  fowls,  among  their  food.     It  is  found  that  the 

madder. tinges  the  bones,  layer  after  layer,  with  a  red  colour;  and 

by  the  dcepnefs  of  the  tinge,  deuionftratcs  the  fuccelTion  in  whicb 

-fhe  particles  of  the  bone  art  abiorbed  and  dcpofited.     This  is,  i 

bdieve«  the  conclufion  which  phyfiologifU  have  formed. 

wliere\'er 


^her^ar  we  divert  mvikiod  from  tbofo  uBMfiitteBU  and  h^ 

boori  ta  which  nature  excites  usi  we  Qiould  proceed  wilh 

pacticuku*  caution.    We  read  in  books,  that  life  and  the  body 

are  but  as  a  given  quantity  of  living  energy  and  living  mt^ 

terials,  to  be  expended  and  afed  wilh  difcretioo  and  economy ; 

and  that  the  fum  of  ekcitahitity,  which  is  born  wilh  the  child» 

is  expended  towards  the  clofe  of  life.    The  doQrtne  of  abrs^ 

Hon  alfo  intimates,  that  oar  folids  are  perpetually  wafting,  and 

that  it  is  by  the  diminution  of  moifture,— "the  aridity  of  foIidi» 

the  fcantinefs  of  fluids,  and  the  flow  induralioM  of  the  foUd   . 

parts;  that  the  body  becomes  fluunk,  emaciated,  fllflf,  and 

motionleff,  before  it  (Inks  into  the  grave.    And,  rafh  as  the  The  ioetnan  m 

dodrine  teems,  it  has  been  boldly  ailerted,  that  "  to  live  with  ^1*?°"  *  . 

a&  little  food,  and  as  little  eaercife  as  pofliUe,  is  the  fureflbeenabfuH^ 

means  to  preferve  the  body,  and  to  live  long.''    To  live  with*^^^^ 

at  little  food,  and  as  little  exercife  as  poffihie,  would  make 

a  man  little  better  than  a  mere  graCibopper.    A  man  living 

thus,  would  be  a  voluntary  prifoner,  wan,  colourlefs,  fletti* 

lef!^  bloodfefs,  having  no  fpeculatioo  in  his  eyes,  no  marrow 

in  his  bones;  his  complexion  would  declare  him  what  he  was. 

Thisfyflem  pradifed,  cither  in  ii^ancyi  in  the  prime  of  man- 

lioodt  oc  in  the  decline  of  liftu  would  abridge  it.    Afcetica 

are  a  proof,  not  of  the  length  of  life,  which  temperance  in» 

fores,  bat  of  the  prematore  old  age  which  aUlinenca  bringf 

open  as.     The  Iqualid  look,  the  liolluw  cheeki  the  matted 

hair,  the  emaciated  body,  only  protve  how  much,  by  fuch  crt« 

minal  fc1f«dcnial,  the  body  fuflers,  with  but  little  pro&  to  the 

powers  of  the  mind.     Let  us  then  lake  care  th^l  our  philo* 

fbphy  be  not  too  fevere ;  for  men  may  run  into  real  danger, 

tf  we  take  from  them  every  fair  indulgence,  or  divert  theoa 

from  following  the  didates  ol'  nature.     The  faireft  livers,  wba 

have  not  abufed,  but  have  enjoyed  their  ftrengih  and  health, 

have  in  general  enjoyed  them  longed. 

There  are  habits  which  fecm  to  be  natural  to,  and  congenial  Katural  haUcitf 
with,  tlie  feveral  periods  of  life.  The  child  Chould  «erely  jj^^y.'/^"*^  ^ 
fuck,  fleep,  and  vegetate.  The  hoy  Qioqld  ramble  wild  and 
anconfttaiatd,  little  opprefled  vt  ith  talks  or  fiudies,  and  noa* 
riihed  with  abundance  of  hmple  food.  The  youth  flioald  be 
tempeiale,  (Sober,  a6live.  Thn  old  man  quiet,  ledate,  felf* 
indaigeoft;  feould  have  long  Qerp^  delicate  food,  rich  wine^g 
and  agreeable  levperatace ;  littlia  labour,  aada  cheerful  mund. 

Z  2  Nature 
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Nalare  affigns  us  vigcmr,  fpiriity  enterprife,  and  forefif^ht 
theearljT  pari  of  life^  to  treaftire  up  the  needful  indulgences 
for  age.    Parents  are  careful  of  our  firft  infancy ;  we  ourfelvet 
Ought  lo  proride  for  our  latter  childhood. 
Confidendoos     '  Th^  "loft  mlelligent  profeffional  men  have  an  opinion  con- 
nK^Kaing  the     ecming  the  funAions  of  the  flctn,  confonant  wiih  that  of  the 
^^  j^  ^  vulgar ;  and  more  refined,  only  from  their  aflSgning  a  general 

/    oaufe  for  thofe  efTeds,  of  which  all  of  us  are  confcious.    The* 
ftm  is  not  regarded  merely  as  an  organ  of  fecretion^  dedined 
for  draining  off  fuperilaous  moiflure,  or  faline  particles^  from 
the  general  mafs  of  fluids,  but  as  a  furface  of  more  adive  cir* 
^' '  culation,  which  folicits  the  blood  to  the  very  extremities  of  the 

veflels,  and  thus  contributes  to  fupport  and  complete  the  cir- 
V  '  'cnlation  of  the  blood,  and  to  nourifh  the  parts  within.     The 

"ikin  is  regarded  as  conneded,  in  a  peculiar  manner,  with  all 
the  parts  of  the  cellular  fubflance,  interpofed  betwixt  the 
nufclesi  and  involving  the  blood  veffeU.  The  (late  of  the  ikin 
indicates  the  condition  of  that  cellular  fubflance,  whofe  office 
it  is  to  conduct  the  blood-veflels  to  all  parts,  efpecially  to  the 
mufcular  flefh,  and  to  nourifh  the  parts ;  and  while  the  circu- 
lation of  the  fkin  is  Uvely  and  adive,  that  of  the  involved 
...^nd  ^  In,  |terts  can  never  flag.  The  condition  of  the  bowels,,  and  of 
tttiaef.  the  fkin,  are  the  fir  ft  and  moft  natural  points  for  the  phyfician 

to  attend  lo.  It  is  by  regulating  thefe,  that  he  regulates  the 
poKe;  by  flimnlating  or  foothing  them,  that  he  raifes  or  de- 
preflTes  the  vital  adions ;  and  it  is  matter  of  common  obferva- 
tton,  that  in  animals,  a  good  fkin  is  the  criterion  of  health,  and 
the  drynefs  of  the  fkin,  the  forming  of  fcabs  or  eruptions  upon 
il,  and  the  clapping  of  the  hair,  (as  it  is  called  by  thofe  who 
have  the  care  of  flock),  are  the  firfi  and  fureft  figns  of  ap- 
proaching difeafe. 
The  langf  and  Next  to  the  free  circulation  of  the  blood  through  all  the 
office.  body,  terminating  in  the  furface,  that  of  the  free  tranfit  oit' 
the  blood  through  the  lungs,  is  efTentiai  to  health. 

The  oxydation  or  chemical  change  produced  by  air  upon 
(he  blood,  is  efTentiai  to  its  vital  properties.  A  free  and  pow- 
erful refpiration  is  mofl  efTentiai  to  a  frefli  colour  of  the  face, 
tb  lively  fpirits,  and  cheerful  feelings,  and  to  the  healthy  and 
vigorous  adions  of  the  body.  ''  It  is  my  breathing  hour  of 
Ihe  day  if*  fays  Hamlet  to  Ofiric.  It  is  a  princely  thing  to  fet 
apift  Hdun  for  exeicifes;  and  there  is  little  doubt,  that  if  ali 

thofe 
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Ibore,  who  linger  away  their  hours  in  luxurious  and  indolent 
relaxations,  were  to  affign  a  regular  portion  of  their  time  to 
the  hardy  and  manly  exercifes  of  walking,  riding,  fencing, 
&c,  and  would  take  tfieir  breathing  hour,  they  would  breathe 
long  and  well. 

Thefe  reflexions  naturally  arife  upon  confidering  thealmofl  The  artoftnla- 
incredible  perfeflion,  to  which  thofc,  whofe  profeffion  it  is  to  «hkUc"«J^cifcs 
train  men  to  athletic  exercifes,  have  brought  their  refpcdtive  is  wonderfully 
arts.      By  certain  procelTes,   they  improve  the  breath,  thc*^^*^'^ 
ftrength,  and  the  courage  of  thofe  they  take  in  hand,  fo  as  to 
enable  them  to  run  thirty,  or  walk  a  hundred  miles,  in  a  given 
(pace  of  time;  to  excel  in  wreftling;  or  to  challenge  a  pro- 
feiTed  boxer.    Would  It  not  then  be  a  mod  important  addition 
to  the  fa6ts  we  already  know  concerning  the  means  of  im- 
proving flrength,  and  enforing  long  life,  if  authentic  infor* 
nation  could  be  procured  from  thofe  diflricli^  where  athletic 
exercifes  prevul,  what  are  efteeroed  the  bed  and  fureft  pro- 
celfes  for  training  men  for  foot-races,  trials  of  (Irength  in 
wreflling  or  boxing  matches,  or  for  raifing  the  (Irength  and 
courage  of  game-cocks,  or  improving  the  wind,  flrength,  and 
ipeed  of  running  horfes  to  their  higheft  pitch.* 

Thofe  who  give  themfelves  out  as  fkilful  in  this  art,  attend  Sooe  tccoaafc 
to  the  fiate  of  the  bowels,  the  Ikin,  and  the  lungs.     They  ufe  °        ««»••% 
fuch  means  as  reduce  the  cellular  or  fatty  fubdance,  and  in?  .    .    • 

vigorate  the  mufcular  fibres.  When  they  take  a  man  in  train* 
ing  for  any  feat  of  this  kind,  he  is  not  oiled  and  fupplcd  as 
the  ancient  athletics  were ;  for  a^  their  common  modes  of  life  ' 

were  hardy  and  adive,  they  needed  no  other  preparation : 
but  he  is  fweated,  purged,  and  dieted,  and  then  put  upon  trial. 
He  is  purged  with  very  draflic  purges,  to  reduce  his  groHhefs. 
He  is  made  to  walk  out  under  a  load  of  clothes;  his  walks  are 
regularly  increafed,  and  a  certain  number  of  tiroes  a^weck ; 
he  is  laid  between  two  feather-beds;  fweat  promoted  by 
drinks;  his  limbs  taken  from  between  the  feather-beds,  fuc« 
ccffively,  and  rubbed  very  roughly.     After  enduring  for  many 

*  Though  not  immediately  conne6^ed  with  the  objed  of  this 
paper,  it  may  not  be  improper  to  fuggcft,  that  it  would  be  of  great 
importance,  if  medical  gentlemen,  whether  in  the  army  or  navy,  jy 

who  have  been  on  fervice,  were  alfo  to  point  out  the  various  cir- 
cnmflaDcet  which  tended  to.  fuppon,  or  to  abatCj  the  ilicngthand 
courage  of  the  Ibldier  or  the  iailor. 
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titers  Ihis  Aate  of  fofFbcalion^  he  is  comforted  with  t  drtmflit 
of  tie  or  wine.     The  purges  and  fvireatingi  are  repeated,  ao- 
tording  to  the  grofTncfs  of  his  habit,  and  from  time  to  time 
his  trainer,  (regardmg  hnn  no  otherwife  than  he  would  a 
running  horfe,  under  the  like  difcipline^)  takes  him  out,  and 
makes  trial  of  his  wind  and  firength,  and  does  not  ceafe  till 
he  has  made  him  as  lank  as  a  greyhound,  and  almoft  as  fleet. 
•Bldbegnatiii- A  man,  even  in  (he  bed  of  ordinary  health*  becomes  giddjr 
•clitStfd  W^  and  breathlefs  when  he  ftrikes ;  and  fick  and  pale  on  receiving 
fcuiBiD  himt*    ^  fe^  blows,     lie  is  thence  unable  to  bear  any  unufoal  exer- 
tion, and  by  inference  prone  to  difeafe.     If,  by  extenuating 
the  (kig  emptying  in  the  cellular  fubftance,  hardening  the 
snufcular  fibres,  and  improving  the  breath,    a  man  of  the 
ordinary  frame  may  be  made  to  fight  for  one  hour,  with  the 
nlmoft  exertion  of  ftrength  and  courage ;  the  inquiry  which 
t  have  already  fuggefled  mull  be  of  the  highefl  ufe.     For 
were  this  new  train  of  fads  regularly  laid  before  profeffional 
men,  and  were  they  enabled  thus  to  judge  of  the  influence 
which  the  methods  of  tbefe  practical  philofophers  have  <m 
regulating   the    fundlions   of   breathing,    perfpiration   and 
T^^i.^*  "*  digeftion ;  it  would  be  drawing  into  the  province  of  fcience, 
JJJJ^iJthf^  ^  >r^  conneded  mod  particularly  with  the  means  of  pro* 
fdence  of  pro-   longing  life,  and  hitherto  known  and  pradifed  only  by  a  few 
^^  '  ^       iofulated  individuals,   of  courfe  imperfedly  known,  and  of 
too  limited  ufc. 
The  art  feems  to     J  queiiion  whether  the  alhlelics  of  old  ufed  fimilar  means ; 
whether  they  were  equally  fuccefsful ;    whether  there  ever 
were,  in  any  climate,  age,  or  country,  more  hardy  oi  power- 
ful frames  tlian  Ihofe  of  our  Englilh  pugi lifts.     In  Cooke's 
voyage,  we  are  told  of  the  marked  inferiority  of  the  Englilh 
failorsy  in  wreAling  or  boxing,  to  the  naked  fun*burnt  heroes 
of  the  South  Sea  Iflands.     But  an  EngliQ)  failor,  though  full 
of  fpirit  and  vigour,  is  as  clumfy  as  a  clown,  and  could  not 
even  row  againft  an  inhabitant  of  the  Sandwich  Iflandi;.     An 
Engfifh  bricklayer,  blaCkfroith,  or  drayman,  however,  who 
liked  the  fport,  and  was  pradlifed  in  balancing  and  flrikiog, 
mijght  have  challenged  the  whole  of  the  lawny  nation. 
Qnericti  .   With  a  view  of  coUcding  (iich  important  information,  I  am 

ytiy  anxious  that  the  following  queries  (hould  be  propofed  lo 
thofe  who  profefs  the  art  of  training  pugilifts,  wreAicrs.  aad 
runners  of  foot-races,  by  fucb  intelligent  men  as  have  the 
c|>portunity  of  converUng  with  them. 

1.  By 
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1*  By  what  crileriont  or  lefts,  thty  jadge  of  the  mufcular  'fef^offtreiigt 
finoflli,  or  wind,  or  other  qualities  of  thofe  who  leek  to  pat 
IkoBilelvet  niider  training.     What  is  the  earlieft,  and  what  is 
tklileS  age  they  wonid  attempt  to  train  ? 

S.  ttovr  they  judge  of  the  length  of  time  that  may  be  re«  Time  required 
fund  for  bringing  a  man  mto  good  plight,  vigorous  health.  ^  ^*''^' 
nd  free  breathing ;  and  what  period  of  preparation  is  ufually 
|iH|Hrad  Sor  running  a  match  > 

S.  What  purges  they  ofe ;  and  in  what  fucoeffion ;  and  by  PMrget.  treat- 
wlat  roles  do  they  adrainifter  them ;  and  how  do  ihej  judge  ^^  ^^ 
of  Ihdr  effeds?  Is  the  purging  only  preparatory,  or  iff  it 
itfaiHly  continued  ?  Is  it  meant,  by  this  procefs  to  reduce 
the  plethoric  ftate  of  the  fyiiem,  (on  the  idea  that  there  is  too 
graft  a  tpantity  of  blood,)  or  is  it  fimply  defigned  to  put  the 
boMPds  in  Ihe  moft  favourable  condilion,  for  eafy  and  good 
d^fillm  ?  Is  the  reducing  the  actual  fize  of  the  bdly,  necef- 
(uj  to  more&ee  and  perfeA  breathing  *  ? 

#•  Ii  the  diet  rich  or  (imple ;  of  animal  food,  or  of  vegeta-  Dletf 
Uv;  in  great  quantity,  or  fparing ;  is  it  increafed  gradually, 
^  dimiBiflied  gradually  ?  What  meals  have  they  in  the  day ; 
.ad  at  what  hours ;  one  or  more ;  frequent  feeding,  in  fmall 
in4  fixed  portions,  or  full  and  fubftantial  meals?  What  kinds 
of  flefli  or  meat  is  reckoned  the  beft;  whether  beef,  mutton* 
veal,  pork,  laml),  or  fowl?  Are  any  kinds  of  fiOi  allowed? 
What  quality  of  food  is  moll  conducive  to  ftrength  ?  What 
tpanlity  u  necelTary  for  maintaining  the  fyftem  in  its  mod 
perfefi  (late  of  vigour  ?  Do  they  feed  much  in  the  inter- 
mediate days  of  the  purges?  Is  abfiineiKe  required  when 
tliejr  take  their  phytic? 

5.  What  kinds  of  liquors  are  reckoned  beft  ?    Whether  *'W"'»'»  ? 
wine,  ale,  water,  fpirits,  &c.  ?  Whether  given  hot  or  cold ; 
in  what  quantities ;  and  when  ought  they  to  be  given  ? 

*  The  effect  of  taking  up  a  running  horfe  from  iJlenefs  and  foft 

pafttirt,  to  hard  food  and  regular  exercife,  is  attended  with  this 

peculiar  effeA,  that  while  the  animal  becomes  lank,  flcek,  andglofly, 

whik  he  gets  fire  in  his  cye»  and  a  new  vigour  in  his  limbSf  and 

and  fpced,  his  belly,  (fwoUen  with  coarfe  indigeftible  f^od, 

in  great  profufion,)  is  drawn  into  half  iu  fise.     May  we 

not  then  prefumc  from  this  analogy,  that  the  Aate  of  the  beUy  hat 

a  cemackable  cffe£t  upon  the  wind. 

t^  6.  Are 
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lanntiMi  of  Ow      '•  Are  tbc  very  violent  perrpuatioDi  into  which  tl 
Mifpiniioni,      [heir  piticnts,  defigned  lo  leduce  the  r|fleni,  lo  eKieiitulg 
^^  f'       '       the  ht,  lo  Icnen  that  quantity  of  blood,  the  escefk  or  wbtcq 

makci  u*^  giddy  or  fhoci  breathed  ;  or  is  it  nierclj  dcO^nad  In      g 
produce  a  new  condition  of  the  fkin,    more  favourable  la     4 
liealth  and   mufcular  vigoar;  to  produce  a  fharper  eppettle;      I 
•  greater  demand  for  food;   and  &quicLer  naurFQiment,  va 
^caler  nutrition  from  a  more  llender  diet  ?  I-i  the  fMreal  il 
firR  produced  by  exercife,  and  only  conlinued  by  the  pcrToB, 
Mlien  trained,  being  put  between  Feather  bed<,  and  encouriged 
by  drinki ;  or  it  it  produced  by  force  of  fwealing  drag!,  or      1 
violent   heatt,  or  by  conlinued  friflinn  ?  At  what   hours  ate 
the  perfpiritions  brought  on  >  How  is  the  pupil  [rcaied  wtiea 
the  fweat  is  over  ?  What  becomes  of  the  (kin  of  «  fa^  BUf 
when,  by  the  procefi,  he  it  reduced    in  flze,  and  reDdve) 
lean?  Doei  it  hang  loufe,  or  li  it  tight}  Hai  it  anjoScA' 
Upon  the  bone*  ?  ■   ,       -.■ 

Eicrcifeind  ?■  What  hours  of  t-xcrcife  do  they  require  of  their  pspih 

baiuaxinl  -  during  the  day  ?  Al  what  houri  do  they  fend  them  oat  in' ifaa 
tnoming?  How  long  do  they  continue  abroad?  An  1^ 
loaded  with  clothes  af>er  the  body  !>  reduced,  and  beconei 
limber,  and  thin  and  mufcular ;  or  only  while  the  twaAag 
procefs  continues?  Are  they  fed  before  they  go  abroad,  Ot 
when  they  return?  What  trials  are  made  of  thcii' flrei^b I 
When  ii  a  man  known  to  be  up  to  his  full  Rrength  and  Intalli 
in  training?  At  what  h[>urs  do  they  go  to  bed?  WbatUecp 
are  they  allowed?  What  indifpornions  are  they  h\qt&  to 
during  training  ?  Are  there  any  circumltaiices  by  whicb  the 
prnccA  may  be  interrupted:  or  any  circu  mils  nee  s.  in  coo* 
fequeitce  of  which,  it  mull  fumetimcs  be  abandoned  F  ' 

Sutifcqutat  S.  What  is  the  Rate  of  the  health,  aflcr  they  give  up  train- 

dr^afiiiio<  \„gf  Are  they  fubjeci  to  any  coraploinls;  and  what  are  Ibey  I 

How  long  does  the  acquired  excefs  of  flrcngth  continue?     ' 

WJntM'inf  ®-  I'  "  ™"''  '"'"(.fling  lo  learn,   on  which  part  of  tliia 

banlnf  nnit       proccfs    the   purging,    the   fweating,    llic   exercife,    01   tbo 

Whether  it  be    '""^'^K'  "'^J  "•o''  depend  j  and  whether  it  procurea  a  per- 

penninent, um-  Diaricnl  increafe  of  vi^Dur.  eafily  maintained  by  fuitabt<e  diet 

tntrj,  taituic,  ^  CKercifes,  or  only  a  temporary  eacitemenl,  calculated 

for  the  particular  occalion?  Alio,  whether  perftina  hawcrvcr 

thtragtit  of  undergoing  Ihii  procefs,  nut  fur  ibe  parpofe  of 

ipnning  matches,  but  to  recover  health ;  with  wbat  fncoaft 

-  thlt 
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IbU  hft  been  done,  and  whelbcr  it  is  to  be  recommended  for 
geeCy  GorpaleiKy.  afihma*  nervoos  diforder,  or  qihet  fflaladies, 
ftSkd/  to  be  of  fervice } 

Tbt|eare  quef(ions,  of  the  importance  of  yvbiph,  thofe  who  '^^  *^  m^ft  ( 
an  hdt  able  to  anfwer,  may  not  be  fully  av^are.  But  nolhing  ^  "^f^'^^"^^^ 
«ycb  (b  (jiddcnly  changes  the  powers,  and  the  very  form  and 
of  the  body,  from  grofs  to  lean,  froqii  weaknefs  (p 
healthj  from  a  breathlefs  ^qd  bloated  carcafe,  to  on^ 
pfiiie  and  untiring,  can  ever  be  unimportant,  either  to  the 
III  of  phyfic  in  general,  or  to  that  branch  of  it  more  im- 
aediate)j  copne^ed  with  iuquiries  regarding  health  an(l 
jmgirvity. 

The  queries  to  be  put  regarding  jock! es,  running-horfes,  Pf 
pine-cocks,  may  be  to  the  following  effed : 

K  Jockiest 

1.  What  u  the  procefs  ufed  in  training  ihcm,  and  reducing  Qpeyes  refpeft- 
tbiirire«fat?  mg  Jock«. 

Q,  What  effed  has  it  upon  their  health  and  flrength  ? 

S.  What  effeA  has  it  upon  their  mind,  in  regard  to  courage, 
fuckneb,  &c. 
'  4.' How  long  do  thefe  effcQs  continue  ? 

5.  After  being  reduced,  do  they  quickly  get  fat  againi 
or  do  they  continue  long  in  the  flate  to  which  they  were 
hrDoght? 

6.  Are  jockies,  accuftomed  to  be  thus  treated,  healthy  and 
long  lifed  ? 

2,  Hunning  IJorfis, 

1.  What  are  th«  principal  objects  to  be  attended  to  in  re-  Runainahoiici 
gard  to  running-horfes  ?  Po  their  perfections  depend  upon 
parentage,  and  whether  moft  upon  the  male  or  the  female^ 

Is  it  necelTary  that  the  mare  (hould  have  gone  her  full  time« 
to  bring  a  perfefi  foal  ?  Is  the  gradual  growth  of  the  Ibal 
cfiealial?  It  there  a  great  difierence,  in  regard  to  natural 
cooftitulioD,  between  horfes  of  the  fame  parentage  ?  What 
kind  of  form  is  in  general  preferred  ?  Do  you  prefer  great  or 
Imall  bones  ?  Which  fex  is  preferable  for  fpccd,  and  which 
for  flrength  } 

2,  What  is  the  bcft  age  for  beginning  to  train  horfes  for 
tbe  turf?  Are  they  firfl  put  upon  gralb  r  Wliat  is  the  effed  of 

(oft 
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ibft  we&t  ?  Wbm  tboM  they  be  put  ^  tiar^  m^M  ?  Whlil«t« 
tbeeflMN  theneof  ?  Is  it  neoeflkry  1o  pMf^  (bem  freqotatfyl 
Have  the  purges  any  tendency  to  weaken  ihemf  What  ftoA 
it  reckoned  tbetnoft  nnuriihiog?  How  often  are  theyftd? 
Whht  ^riiilLs  are  given  them,  and  how  often  f  Whether  hot 
«r  cold  i  Is  it  iieceffiiry  to  keep  their  ikin  p^fedly  dealt, 
tuid  hOff  ?  Is  it  neeeflhry  to  make  them  perfpire  mdcb  ?  Whit 
exercife  is  given  them  ?  How  is  the  training  completed } 

9.  After  the  trabttig  is  complete,  can  the  perfediont 
thereby  obtluned  be  eaiily  kc^t  tfp?  Does  the  proceTs  tiMt 
tterely  %  temporary  change,  or  does  H  laft  darin);  life  ?  Are 
running  borfes  as  long  lived  as  others,  or  do  they  foon  weal: 

Om»'<ocia9  '*  ^^^  ^^^  fuperiority  of  gamte-cocks  df^pend  upon  pa. 

*  rentage?  Which  i*  of  mod  importance,    tiie  male  or  the 

^  female  ?  Is  it  of  any  coni'equencc  that  the  cock  ihoukl  arrive 

rather  gradually  at  maturity  ?  Is  there  a  great  difference,  in 

|ioint  of  Arength  and  conftitution,  in  game  cocks  of  the  feme 

parentage  ?  Do  you  prefer  great  or  fm a II  bones  ?  , 

'2.  When  do  you  begin  to  feed  the  young  cocks  {  What 
(iiet  and  drink  do  you  give  them,  and  what  is  the  proceb  by 
which,  they  are  brought  to  the  greated  poiHble  height  of 
ilrengtb  and  fpirit  ? 

o.  When  the  game*cocks  are  tlms  trained,  how  long  do 
the  eflfe^ts  thereof  laftf  Are  they  temporary  or  perroanentt 
Do  game-cocks  thus  trained  live  fl)orter  or  longer  than  others 
of  the  fame  fpecies  ? 

4.  What  drugs  are  given  to  fighting^cocks  humediately 
before  the  main  begins?  Is  it  not  ufual»  by  giving  tbem 
^Ubon,  (or  feme  drug  which  has  the  fame  eflfed  with  opium, 
•s  ufiid  ambng  the  Janiferies^  or  brandy  among  the  Frendi 
iibkiiaryi)  to  eiccite  an  annatural  and  (hort^lived  coarage'? 
-What  are  the  efieds  of  foch  tirugs  ?  and  how  do  they  manage 
^lliaiMing  op  to  this  poults  fo  as  tt>  take  advantage  of  this 
itary  excitement  ? 


1- 
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IX. 

On  the  Dangers  enebuntered  in  trixvellhv^  aver  Downs,  occafimed 
fyBuickJknds,  xohich  are  fretptently  found  on  ike  Sea  Coqfit 
vM  dn  Indication  of  the  Means  qf  ucoiding  them.    By 

'  VL  BiKifONTiBR,  InJpe&or^Generalqf  Bridges  and  Jtoads.^ 

JlXFTER  heavy  and  eonlinned  nins»  there  are  formed  at  QuIckCuids 
the  edge  of  the  fea-downs,   fmall  ihhAh,   or  coHeaioiw  of^^I^dJlii??*" 
water,  freqaently  of  feveral  feel   in  depth.     Strong  winds  portad  if  cu 
diflodge  portions  of  bnd  from  the  general  mafi,  and  tranfport  ^^  ^^^J^ 
them  to  a  difiance;  which  falling  in  (howersonthe  clayey  they  form  vault' 
gnd  (helterod  furface  of  thefe  pools  defcend  gradually,  and  ^^^^'*^  ^ 
remain  as  it  were  in  equilibrium  in  the  midft  of  the  water,  the  pool  it  AM 
fo  as  to  fbm  an  infinity  of  little  vaulted  cavities.    Thefe  up. 
arches  fuAain  others^  which  are  again  furmoonted  in  a  (imilar 
nianner«  till  at  length  the  mafs  rifes,  fometimes  to  feveral  feet 
above  the  lerel  of  the  water;  the  furface  becomes  white  and 
dry,  and  the  fnare  lies  perfeQIy  concealed.     Whoever  walks  1*h«  furface  h 
over  this  firudurc  deflroys  the  whole,  the  arches  give  way,  and  J^^  \n^^  ^ 
the  intruder  is  immerfed  fometimes  to  iils  waid  ;  but  his  alarm  pevaoce  fnm 
is  nfnally  greater  than  the  real  danger ;  for  if  he  were  buried  ^^^^^T' 
eiven  up  to  the  neck,  he  might  cafily  extricate  himfelf,  only  by  gives  «iy  ufais 
retaining  fufiicient  prefenoe  of  mind  not  to  Aruggle«  but  to  ^^  "P*^ 
move  flowly  and  deliberately ;  want  of  attention  to  this  might 
bazard  his  dedrudion. 

When  the  equilibrium  of  the  msHTes  of  fand  is  dcftroyed.  Management  to 
they  naturally  fall  into  heaps  *nd  it  is  only  neceflfary  that*  ^"***'* 
time  fliould  be  allowed  for  this  to  take  place.  When  this  has 
happened,  the  perfon  immerfed  (hould  gently  lift  up  one  leg, 
and  ramm'n  in  that  podtion  till  the  fand  has  formed  a  fufiicient 
bottom  to  fupport  his  raifed  foot ;  the  oilier  leg  (bould  then 
be  lifted  op  with  the  fame  precautioDs ;  and  thus  fuccedl vely^ 
till  be  rifes  to  the  furface.  In  the  mean  time,  the  water 
which  had  been  confined  in  the  hollows  of  the  fand  will  have 
aUb  rifen,  forming  a  pond  (three  or  four  inches  deep)  through 
which  the  adventurer  may  pafs  in  perfect  lafety. 

^  Bibliotbeque  Phyfico-Economiqus  &c.  dc  Scnlni,  'i^ovemhtr^ 

1S05,  pag(  186. 

Cows^ 


Ammiis  whcB       CowSj  dogs,  and  other  animals  who  frequent  downSf  and 

tSfiwt^Sod-  ^^^*"^  ^®  ^*"  *"***  ^^^^®  quickfands,  either  through  inftina  or 

'  experience,  make  ufe  of  this  method  to  regain  their  freedom  ; 

yrovidedj  however^  they  be  not  too  deeply  immerfed  to  retain 

the  free  ufe  of  their  (boulder  joints,  otherwife  they  cannot  be 

cjctricated  without  affidance.     I  experienced  this  twice  in 

one  day;    my  borfe  fank  to  above  the  breaiUleather,   and 

although  he  was  very  (Irong,  his  efforts  to  extricate  himfelf 

'  '  were  unavailing,  till  we  had  removed  fo  much  of  the  ^d 

at  impeded  the  adtipn  of  thofe  joints. 

bot  fliey  are  It  rarely  happens  that  animals  accuftoraed  to  live  on  downi 

*^**^5?'8ht     are  caught  in  thefe  fnares,  which   they  arc  aware  of,  and 

l^now  how  to  avoid. 
Ioi|uift.  I  attempted,  but  in  vain,  to  force  another  horfe  with  the 

ivhip  and  fpur  into  a  (jiiickfand;  his  owner,  who  aded  as 
guide,  aflfured  me,  that  1  (hould  not  fucceed,  although  there 
wax  no  other  indication  of  the  fpot  than  a  flat  furface,  (lightly 
wrinkled.     By  thefc  marks  the  traveller  may  generally  deted 
tbe  concealed  pitfall;    but  he  may  always  avoid  them  by 
tracing  the  footHeps  of  the  cattle,  when  vifible,  or  by  walking 
a  few  fiithoms  above  the  bottom  of  the  declivity,  or  on  the 
fummit  of  the  down. 
Anothtr  kind  of     Another  kind  of  quickfand  is  fometimes  met  with  on  tho 
sai^fiuvty         fca-(hore,  between  high  and  low  water  mark,  which  it  is 
proper  (hould  be  here  taken  notice  of.    This  is  fometiqies 
the  efled  of  rain,  but  more  commonly  of  the  fea,  when  forced 
by  wind  and  temped  beyond  lU  ufual  limits,  which  being 
generally  more  elevated  than  the  didant  land,    the  waters 
fMnwd  by  the     thus  impelled  forward  are  prevented  from  returning  to  their 
thiwh'thc^^    ancient  bed ;  they  therefore  after  forming  in  a  body,  drain 
eaith.  away  through  the  earth  they   have  inundated,   or  brought 

with  them,  and  form  excavations  beneath,  large  or  fmaUt 
deep  or  (hallow,  according  to  circumdances. 

I  ought  not  to  omit  a  fingular  fiid  which  paiTed  under  my 
own  pbfervation,  and  which  feems  to  prove,  (as  I  have 
already  fiated)  that  animals  frequenting  thefe  plains,  and 
living  near  the  borders  ot  the  fca,  employ  combined  means, 
acquired  undoubtedly  by  experience,  to  extricate  themfelvea 
f^om  thefe  cavities,  wherein  they  mud  inevitably  peiiQi,  did 
tliey,  as  it  appears  natural  they  diouMi  attempt  to  efcape  by 
riooiliDg  or  by  flight. 

2  TraverCng 
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TraverCng  the  plain  of  Arcachon,  after  a  violent  tempeflj  ^ingnhi  inci* 
tvbich  had  been  accompanied  with  heavy  rains,  we  thought  "*"^ 
St  prudent  to  get  off  oar  horfei  and  lead  them  by  the  bridle. 
One  of  the  horfes  who  was  left  to  himfeTf,    immediateTy 
qnilted  the  company;  and  was  retiring  from  the  flx>re,  but 
being  compelled  lo  return  by  the  application  of  the  whip, 
he  went  upon  the  quickfand,  which  probably  he  had  attempt* 
ed  to  avoid  bydefertion;  but  the  moment  he  felt  the  earth 
giving  way,  he  crouched  down,  or  rather  threw  himfelf  pre-    . 
cipitately  on  his  fide.    The  ground  quickly  fank  beneath  and 
round  about  him  ;  the  water  furmounted  the  fand  ;  the  horfe 
was  only  wetted  to  the  crupper,  and  we  efcaped  with  no 
other  damage  than  the  lofs  of  our  flcick  of  bread,  which  being 
foaked  in  the  fait  water  was  rendered  unfit  to  be  eaten. 

It  may  be  received  as  matter  of  fad,    that  a  man  who  Tnrellers  when 
iliould  experience  a  (imilar  misfortune,  could  not  do  ^"^^  2^  fli*"uld 
than   to  extend  himfelf  in  the   like  manner,  nearly  in   the  throw  then*- 
attitude  of  a  fwimmer,    when  he  throws  himfelf  into  the  ^***'*  ^^'"* 
water.     It  is  fcarcely  neceflary  to  explain  the  fuperior  ad- 
vantage of  this  method  ;  a  plate  of  lead,  of  fome  thoafands 
of  weight,  and  feveral  feet  in  breadth,  if  caft  flat  into  any 
liquid  body,  would  reach  the  bottom  no  quicker  than  the 
fluid  could  efcape  to  make  way  for  it ;  if  a  fimilar  body  were 
to  k\\  upon  a  quickfand,  it  would  (hake  every  part  of  it, 
but  would  prevent  the  fand  or  earth  from  rifing,  while  tlie 
firm  furrounding  earth  would  confine  it  laterally  :  the  ruins  of 
the  arched  vaults  would  replace  the  waters  which  had  been 
liberated  from  their  fubterraneous  confinement ;  folid  heaps 
would  then  neceffarily  be  formed  towards  the  centre,  and  the 
incumbent  body  would  remain  at  the  furface,  or  at  lead  it 
would  not  be  fwallowed  up. 

Thcfe  quickfands  are  generally  denoted  by  fmall  frreams,  Qjiickiands  ate 
below  which,  when  practicable,  there  is  no  danger  tn  ^'JJJJ^^r**^  "'** 
paifing. 
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ExtPaA/Mma  .Memoir  ^  M^Jfrt^  FovtcaoY  ani  Vauquk^ 
lilt,  o»  Me  GaoflD.  m*  Naiurtd  Manure,  qf  the  Jkudl  Ifitauh 
qf  tfie  South  Sea,  near  the  Coaji  of  Peru.  Read  ml  the  French 
Naiiomal iH^Uute,  6y  A.  Laugim.* 

M.  Humboldt    /\mONG  (he  vullitiide  of  fubjeQs  worthy  the  nUenlioD  of 

S  *«  "^i^auat  ^^  wrtartlia.  which  the  philoTopbical  Httmboldl  oiiferved 

0f  theGoano.    mmI  colled^  during  hi«  iravels  ihe  Guaao  is  not  (he  leai^ 

coynfiKlefakWs  from  (be  inlcreft  which  U  excilea.    This  cele^ 

Willed  oatoialiftf  by  nakini]  us  acquainted  with  this  fingukir 

jnat(ef»  one  of  the  principal  r^fources  of  agriculture  in  the 

ooufitriea  he  vifiteclL  has  given  confirmation  to  a  di(covery 

Bade  by  the  authors  of  this  memoir,  about  the  time  of  his  r<N> 

Mtmauhf        lum.    RieadiBg  their  memoir  on  the  exittence  of  uric  acid  in 

crofin/ v^-   ^  exoreaienli  of  birds,  it  occurred  to  him  that  the  Guano  of 

^oeiin  on  the      the  tflelton  the  cc^ft  of  Peru*  whicli  are  freqiften<ed  by  gfeat 

hii^^i!"^  ft^d  '^""^'^*  ^^  ^'^''  ^^t^^^  poiSbJy  be  of  the  (ame  nature*  It 
Che  Mtioo  that  leroaiiied  for  chemical  invefiigatioo  to  examine  bow  far  thi^ 
^'^"  frLT^  coejeQiiie  was  well  founded ;  and  Meflrs.  Foarcroy  aiid  Van* 
teie  ori«A«  <|Mlin  undertook  tlie  anal^fis  of  this  matter.  The  following 
it  the  refult  of  tiieir  labours,  with  this  view,  extrafied  from 
Ike  Memoirs  of  the  National  Inftitute. 

Before  I  enter  upon  a  detail   of  the  experiments  made 

vipon  Guan9*  '^  order  ta  afcerlain  its  nature»  it  may  cot  be 

arfel«viiQt  to  th^  fu^ed  to  tranfcribe  what  M.  Humboldt  him* 

felf  lays  of  tbts  faUlauce  in  a  note  lent  to  the  authors  of  tins 

memoir. 

Eitraa/rom  **  '^'he  Guano  is  found  in  abundance  in  the  South  Sea,  in 

MvllaaM4t*f  the  Chinche  iilandst'ncar  Pifcu;  and  alfo  on  the  more  fouih- 

Gutno  foviioA  **"  C<»ftft«  and  iflets  of  llo,  Issa,  and  Arica.     The  inhabitants 

cpitainfinaU       of  Chancay,  who  make  Guano  an  objedl  of  their  commerce, 

iflandi,  ^^  j^  ^^^  return  from  the  Chinche  iflands  once  in  20  days.— 

Each  veflel  contains  from  1500  to  2000  cubic  leet.     A  vanega 

fells  at  Chancay  for  i4>  livres,  and  at  Arica  for    15   livres, 

Toornois. 

•^in  beds  50  or       "  Guano  is  dug  from  beds  50  or  60  feet  thick ;  where  it  is 

^teft  thick,     worked  like  the  bog-ore  of  iron.     The  iQels  where  it  is  found 

•  Annates  dc  Chimic,  Vol,  LVI.  p.  258; 

arc 
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fceqfienlild  by  a  multitude  of  birds,  particularly  of  the  The  place  fn- 
fp«cie»oC  Afdea  ^od  Phcqnicopterus,  who  rooft  there  every  ^"^l^^^^^ 
night :  but  the  excrements  tif  thefe  birds  have  iuirdly  formed,  birds. 
in  three  centuries^  a  layer  of  four  or  five  lines  in  depth. .  Is 
then  the  Guano  the  efie6l  of  fome  convulfion  of  the  globOj 
like  pit-coal  and  foflSI  wood  ?    The  fertility  of  the  naturally  Sterile  (bil  of 
Oerik  ioil  pf  Peru  is  derived  from  the  Guano,  which  •»**  be- fj^J! ™J'^'*^ 
gome  a  material  article  of  commerce.    Fifty  little  ve(IeU»  Guano, 
galled  GuaneraSf  are  conftantly  employed  in  fet/ching  thiR^^^J^^^J^ 
manure^  for  the  fupply  of  the  coall.  -  Its  effluvium  may  beithaiaftioDg 
(melled  at  the  didance  of  a  quarter  of  a  league.    The  failor^<^V  ^  •(&• 
^ccuftomed  to  thU  fmrll  of  ammonia,  feel  no  ipcoqvenienc^ 
from  it;  but  we  could  not  approach  it  without  being  affe^e4 
yvith  continued  fiii  of  fneeztng. 

*'  Maize  is  the  particular  vegetable  for  which  Guano  formikMalse  partSca* 
an  excellent  manure.     The  Spaniards  learned  its  ale  of  the  ^''j,  ^"•**** 
Indians:  If  too  much  be  thrown  upon  the  maize,  the  rool  isaiaauiei 
burned  and  dcdroyed.     Guano  is  too acidifiable,  and  u  there* 
lore  a  manure  containing  hydruret  of  axote;  whilft  all  other 
9»anures  are  rather  hydrurets  of  carbon.'' 

Guano  is  of  a  dirty  yellow  colour,  rather  infipid  to  (belts  appeannccb 
lafte,  but  polTeffing  a  powerful  odour,  partaking  of  caflor  and 
of  vabsfian.    It  turns  black  in  the  fire^  and  exliales  a  white 
fmoke  of  an  ammoniacal  fmell. 

Its  folubility  in  water*  particularly  with  potalb,  determined  Pmrtfy  foluble  In 
the  operators  ai^io  the  method  they  Oiould  purfue  in  its  analyfis.  ^*^' 
They  treated  it  fuccefljvely  with  water,  with  potaflip  and  witb 
muriatic  acid ;  each  of  which  methods  prefented  many  phe- 
nomena,  as  related  in  the  following  part  of  this  paper,  di* 
veded  of  the  particular  details  of  procefs,  which  are  too  ca^ 
tenfive  foran  CHtrafi.  j 

Ten  grammes  of  this  matter,  after  being  repeatedly  waftied  The  M«ti«i 
wiUi  large  quantities  of  boiling  water,  were  reduced  to  3^^'^^* 
grammes.  .  The  water  had  obtained  a  red  colour,  which  it 
communipaled  to  paper  ftained  with  turnfole. 

In  diftillalion,  tlie  water  yielded  ammonia  during  the  whole  The  water 
operation.     Twenty-four  hours  afterwards,  itl>ad  depofited  a  y»«'dcd  ammonjt 
dirty  yellow  powdrr,  pofTeiring  very  liulc  tlavour,  but  with  and  depoficed'a 
an  odour  of  caiior :  On  the  furface  was  a  cryilalliue  pellicle,  X^*'*^?^*'**^^ 

f  .L    r  -I  III.*-  with  a  fmell  flf 

oi  the  lame  colour  with  the  depotuion.  .caftor. 

The 
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The  Iiqaor,  HKered  and  again  evaporated^  till  reduced  M 
5  frrammes,  on  cooling  again^  dcpofited  a  bwii'^coloured 
povirder,  firoilar  to  the  former,  but  in  lefs  quantify. 

The  powder,  and  the  molher-water,  winch  had  held  it  in 
folution,  were  feparately  exfinnined. 
j^gi^o^^^  ^  The  powder  offered  the  following  properties  :.^It  is  a  coh- 
ihipaw4Br«  Crete  and  pulverulent  fubflance,  of  a  brilliant  cryflalline  af- 
pe€t,  and  of  a  dull  yellow  colour.  Before  the  blow-pipe  it  is 
confumed  entirely  away,  yielding  a  flight  empyreamatic  odour 
of  ammopia  and  prufljc  acid.  It  is  very  little  foluble  in 
cold  water;  but  abundantly  fo  in  warm  water,  to  which'  it 
communicates  its  yellowiih  colour.  This  folntion,  though 
taftelefs,  ftrongly  reddens  the  tinclure  of  turnfole,  precipitated 
folutions  of  acetate  of  lead,  and  of  nitrate  of  fllvcr  and  mer* 
cury,  in  coloured  flakes,  which  are  readily  and  completely 
lediflblved  by  nitric  acid* 

This  matter  inflantaneoufly  diflblves    in  an  alkaliite   ley, 
which  it  tinges  of  a  deep  brown  colour,  exhaling  a  pungent 
fmell  of  ammonia.     Sulphuric  acid  poured  into  the  concen« 
trated  alkaline folution,  throws  down  a  very  thick  whitifh  pre* 
Cfpitate,  and  difengages  a  brifk  odour,  refembling  that  of 
weak  acetic  acid. 
It  is  m  Kido-        '^^^  learned  authors  of  this  memoir  conclude  from  their  ex* 
iMt  lalt,  com-  periments,  that  this  powder  is  an  acidulous  falf,  compofcd  of 
IcH   mmori     *"*™*' "C*^*  ammonia,  and  a  little  lime.     In  h&,  very  weak 
•Dd  lime*  nitric  acid,  .wherein  this  fait  had  been  macerated  tn  order  to 

difengage  the  acid   it  contained,  from  its  bafes,  yielded »  on 
evaporation,    c;)pious  ammoniacal  vapours,  by  the  addition 
of  potafh,  and  unequivocal  figns  of  the  prefence  of  lime,  by 
the  addition  of  oxalic  acid. 
Aodyfit  of  the      When  thus  deprived  of  its  ammonia  and  lime,  this  matter 


.     .    .  J?      is  lefs  coloured  and  Icfs  foluble  than  before.     Its  folution  in 
flcpnvcd  Of  iti 

and      boiling  water  depofits  pretty  hard  and  brilliant  cryflals,  and 


i»«*»  more  deeply  reddens  turn  Cole  paper.     It  combines  readily, 

and  without  any  ammoniacal  vapour,  with  pota(h,  from  which 
all  the  acids  again  feparate  it.  Heat  turns  it  black  ;  and  it 
bums,  without  leaving  any  refiduum,  with  an  odour  of  am** 
monia  and  of  prulTic  acid.  A  neutral  combination  of  it  with 
ammonia  will  not  precipitate  the  folution  of  fulphate  of  alu- 
mine^  as  ii  done  by  honiftic  acid. 

From 
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from  IheTe  fn&i  it  appears  evident,  1 » lliat  the  matter  taken  The  add  < 
up  by  (he  boiling;  water  from  Guaao  is  an  acid,  partly  (atu-  ^^^ 
i     rated  with  ammonia  and  a  little  lime;  2,  that  this  acid  it  an  about  (of 
I     taibal  produA,  becaufe  it  yields  ammonia  and  proiEc  acid,  wMs. 
^      vbn  decern poied  by  fire;  3,  that  the  lame  acid,  according 
1^      toaH  Ums  knawn  properliesj  rouA  he  uric  acid,  iimilar  to  that 
I:-     esotained  in  (he  excrements  of  aquatic  birds;  4,  that  it  forms 
iiboat  one  fourth  part  of  the  Guano. 

The  mother* water  which  depofited  the  powder,  whofe  qua-  Aaatyiidl 
Iriitt have  been  jufl  examined,  is  very  acid;  potathcaufes  a"*^^^***^** 
copioiu  difengagemcnt  of  ammonia :  It  contains,  (hereforeg  ti^  poirdn 
ii  aamoniaca!  (all.  Nitrate  of  barytes  and  of  (ilver  ^n-IteoiK^ 
DMnce  (be  prefencc  of  muriatic  and  fulphoric  falts ;  which  *""**''^" 
arc  precipilateil  in  while  flakes  by  lime- water,  and  are  re-difv 
Mvedt  Iboa^h  wiih  dilHculty,  in  muriatic  acid. 

This  prectpkate  caufed  by  lime  water,  is  evidently  formed 
of  two  fallc*  both  Ibluble  in  acids  without  effervefcenoe ;  one 
eafily,  and  without  the  affidance  of  heat^  the  other  with  4ifl[i- 
Ctthy,  even  with  the  aid  of  heat ;  the  former  refifts  calcination, 
the  latter  is  decom poled  by  fire,  and  afterwards  dilTolves  in 
acids  with  efiervelcence.  The  fird  is  phofphate  of  lime,  the  «-«nd  phd 
ft*fond  oxalate  of  Jime.  tndoxilite 

Meflrs.  Fourcroy  and  Vauquelin  wi(hed  to  feparate  thefe 
twu  falls,  without  their  undergoing  any  alteration  ;  and  with 
this  %*iew  thev  made  ufe  of  weak  nitric  acid,  which  dilTolved 
the  pholpljate  of  lime,  and  left  the  oxalate  untouched.  The 
Uiier  (alt,  on  being  treated  with  a  folution  of  carbonate  of 
po(adi«  yielded  a  precipitate  that  diilblved  with  effervefceuce 
in  nitric  acid :  This  folution  difpiayed  all  the  properties  of  ni* 
Irate  of  Jime.  The  acid  feparated  from  the  lime  was  taken 
up  by  (lie  p<ila(b :  in  fa€t,  the  liquor  pofleHed  the  charaders 
of  oxalate  of  potafti;  it  precipitated  with  lime- water^  a  very 
divided  powder,  with  fulphate  of  lime,  in  flakes,  which  would 
not  readily  unite ;  and  with  all  the  metallic  folutions  capable 
of  precipitation  by  oaalic  acid.  Sulphate  of  alymine  caufed 
no  precipitate,  as  it  wofilJ  have  done  with  honiflaleof  pot^(h. 

Tbe  poLalk  ftband  -in  the  muther^water,  after  its  precipita-  Tht  motht 
tion  by  lime-water,  and  the  difengagement  of  ammonia,  caufed  ^'^  ^*"^ 
by  tbe  addition  of  potalh  to  the  mother- water,  prior  to  its  de^plutciy  fiii- 
compofitton  by  limef-water^  fufficiently  Ihew  that  thefe  tlvp^**^»  "b^ 
alkalis  fafurate  the  acids  contained  in  the  motbeFrwater  «t  and  of  mm 

Vof .  xiir.-*ApEXL,  noc.         A  a  .(Saihoss  ^*^ 
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ind  ilisl  ihe  niDiher>waler  cerikint^  containt  o 
of  ^lalli,  and  < 


Guano; 

pbofphales,  fiil|)li3i£<,  and 

B  hft      The  fi>re  grammes  and  feven-lcnl!i»,  lelt  after  Ihe  w 
^;^  '^^      ot  Ihe  ten  gr.mnu'*  originally  lafcen  for  analyf.s  were  ttatei 
— coniiini  uiie   wilh  cauflic  polafli,  which  liiok  up  cighl-lenUif .     This  aft*' 
uid.  luw  (olulion  coiilaineLl  only  uric  acid,  ami  a  fmall  parlioo  of 

tat  matter, 
fUMrpbiuof  The4.<i  gj-animei  IcA  by  the  cauflic  polalli.  were  tntiti 

cu^a^'ot'  *     "'''^  ■Kuriaiic  arid  ;  the  product  wai  pho(piiate  of  liniCt  iiVI^ 
lime  J  .   and  an  aloni  of  carbonate  of  lime. 

•■ud  left  AAer  llier«s|)plicationi  ol  water,  of  caullic  potafti,  and  tf 

^iritofcind      lauriBlic  acid,  there  remained  ot  the  10  grammes  of  GuKM, 
^ug  nau>        ^j^  g^  I  grarainct  ol  matter,  compofed  of  quarizofe  and  Itl- 

tuglnous  fands. 

From  the  foregoing  inlerelling  analylii,  :l  appears  that  Itie 

manure  of  ibo  i/lcte  of  [heSnulh  Sea  ii  Ibrmcd  of, — 

1.  Uric  acid  to  llie  amount  of  i  of  the  wliote  compOQiidf    i 
pirtly  faturaled  with  ammonia  and  lime  :  ' 

2.  Ovalic  acirf,  partly  fatiiraled  with  ammonia  and  potalb:    ' 

3.  Phofphoric  add,  combined  with  the  fatue  bales  and  with 
lime : 

4.  Small  qaanl)lie<  of  fulphale  and  muriates  uf  polalh  and 
ammonia : 

5.  A  Inmll  pnrlion  of  fat  matter : 
f.  Sand,  parity  quarlKofe  and  partly  ferruginous. 
The  exiftcncc  of  Guano  in  places  ftequemed  by  vart  nun' 

t>er9  of  bird',  and  the  identity  of  il4  nature  with  that  of  the 
excrsmcni^  "I  aquatic  bird?,  necelTarily  throw  conliderable 
fight  on  the  origin  of  this  mailer. 

The  aiial)fi<i  proves  how  well  founded  wai  Ihe  rngeibOiu 
cortiparifon  of  (no  learned  naluralifl,  to  whom  wc  are  indebled 
for  our  knowledge  of  iJii«  fjbHancc,  no  lef«  interofting  to  u« 
than  ufuful  lu  ilie  inhabitanii  uf  Peru,  li  cenfirmi  the  im- 
portant difcovery  made  by  the  refearches  of  MeDre.  Fourcroy 
and  Vaiitguelin.  In  a  »-oid,  this  analyfis  polTelfei  the  advan- 
■(Bg«  of  prtrt'iiiK  B  well-known  maxim,  that  th«  fciencn  mn. 
tually  enrich  and  enlighlun  each  other  with  the  light  they  puf- 
:  fef« ;  (md  it  all'ordi  a  Dew  occaAon  to  remark  that  among  the 
fcienc**,  there  arc  pcrliapi  none  which  have  fo  immedtste 
«nd  lb  nereJIary  a  i-unnedion  as  CbemiiWy  Htd  Naluml 
MiAerf. 

XI.   Aoa 
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Note  on  a  Vamijh  for  glazing  Caps^    By  M. 

PAaMtKTlER*. 

J^^L  BOMPOIX,  chief  apolbecarj  to  the  French  Military  Account  of  my 
Hofpital  at  Genoa,  having  fent  me  fome  cofTee^ups  of  a  re-  *JJ^  ^^^^ni^ 
narkable  lightnefs,  and  glaaed  with  a  varnith  which  is  held  in  niihed» 
great  repute^  perhaps  only  becaufe  its  preparation  it  kept  a  le- 
cret  in  that  country  ;  I  requeued  him  to  ufe  his  utmofi  endea- 
vours to  procure  me  tlie  receipt.     He  obtained  it  through  the 
medium  of  one  of  hi.^  pupils,  who  learned  the  fecrel  from  the 
artificer  at  the  manufkdory,  and  had  made  from  bis  prefcrip- 
lion  a  varnifli  in  every  refped  equal  to  that  in  quefiion : 

It  confided  of  lintfeed  oil  i  f  lbs.  {  amber   lib.;  litharge  Recnpt  Ar  thl 
in  powder,  minium  in  powder,  cerufein  powder,  each,  5oz.^"**"* 

Boil  the  lintfeed  oil  in  an  unglazed  earthen  velTel,  and  tie 
the  litharge,  minium,  and  cerufe  in  a  linen  bag,  which  is  Vo 
be  fafpended  in  the  oil  whilH  boiling,  fo  that  it  may  not  touch 
ihe  bottom  of  the  veflel.  Wlien  the  oil  begins  to  torn  brown, 
take  out  the  bag,  and  put  in  a  clove  of  garlic,  cleared  of 
the  (kin ;  continue  the  boiling ;  and  when  the  garlic  is  dried 
away,  put  in  another  ^d  another,  to  the  amount  of  iix  or 
feven.  In  the  mean  time,  the  amber  is  to  be  melted  in 
another  unglazed  veflel,  according  to  the  method  hereafter 
prefcribed  ;  and  when  the  oil  has  been  fufiiciently  boiled,  the 
fufcd  amber  is  to  be  poured  into  it. 

To  melt  the  Amber, 

Take  two  ounces  of  lintfeed  oil,  to  foften  the  amber  and  |[j^'  ^ 
to  a(Bft  its  fufion  by  a  very  brilk  fire,  and  when  the  amber  is 
m^ed,  add  the  lintfeed  oil,  and  boil  the  whole  about  two 
ninotes.  The  fluid  mud  then  be  drained  through  a  coarfe 
cloth,  and  when  cold  put  into  a  bottle  well  corked,  to  prevent 
it  from  drying. 

Method  of  ufing  the  Varni/h, 

Let  the  piece  intended  to  be  varniOied  be  firfi  well  polifhed,  ^^^Sif 
and  then  apply  the  varnifh  in  the  following  manner  : 

*  Attilalci  ^  Chimie,  Vol.  LVI.  p.  Q54. 

A  a  2-  .  Mix 
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Mix  lamp  black  with  varnidi  and  a  little  tttrpentiney  wit(r 
a  hair  pencil,  and  lay  one  c6at  on  the  piece ;  when  this  is 
dry,  lay  on  another,  and  repeat  the  procefs  till  four  coai^^ 
have  been  laid  on,  taking  care  to  let  each  dry  before  the  ap- 
plication of  the  next.  When  the  laft  is  dry,  put  the  piece 
into  a  (love  or  oven  to  complete  the  drying*  and  theo  poli(h 
U  wAA  pUroice  and  Tripoli  powder. 

•Method  qf  preparing  the  tiece  intended  to  be  vanu/ked. 

Umnitt  0$  Make  the  cups  of  hazel,  alder,  or  cherry-tree,  which  are 

aiakimtfae^      preferable  lo  other  woods  for  this  ufe,  becaufo  they  are  porous 

wbeii  perfedly  dry,  and  do  not  warp.  Form  them  according  to 
j  fo)cy>  and  dry  them  in  an  oven.  The  work  mud  be  poli(hed  as 

if  it  were  bomplele ;  and  afterwards  lay  on  tho  varoifii  as 

already  prelcribed. 
ir  it  (hoold  be  wiOi^d  to  give  a  red  ground  to  the  article^ 

mix  a  fittle  minium»  or  rather  cinabar,  with  the  varnifli.    Anyi 

otb'er  colour  may  in  Iik)e  manner  be  mixed  with  it,  as  may  bed 

pkUe  the'  hxicy  of  the  operator. 
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Jie&nmt  of  a  SMes  of  Experiments,  Jfkwing  the  Efft^s  of  Com" 
frejkm  in  modifying  the  A6ti(m  of  Hcat^,  By  Sir  James 
H  AT  L,  Bart.  F.  R.  S.  Edinburgh. 

<  Section     i. 

Ancient  Revolutions  qf  the  Mineral  Kingdom. — Vain  Attempts 
to  explain  tkem, — Dependance  qf  Oeology  on  Chemtfry.-^Jm'. 
portance  qf  the  Carbonate  qf  Lime. — Dr  Black's  Difcovery 
qf  Carbonic  Acid  JUhverted  the  former  theories  d^ending  on 
Firet  but  gave  Birth  to  that  qf  Dr.  Hutton. — Frogrefs  qf 
the  Author's  Ideas  with  Regard  to  tfiat  Thoorjf.^^ExperimenU 
with  Heat  and  Comprejfion,  Jliggcjled  to  Dr.  Hutton  im 
li 90. --^Under taken  by  the  Author  in  1798. — Speculations  on 
tahich  his  Ht^es  ef  Succeft  were  founded. 

Viokat  lavo.  W  HOEVER  has  attended  to  the  Aruaure  of  rocks  and 
2!«£flr SS  'tAdhMaint,  moft  be  convinced^  that  our  globe  has  not  always 
glok.  exifted 

*  The  higlily  intcrefting  experiniesiti  of  Sir  James  Hall  upon 
iht  efieftf  of  heat  modified  by  compreffion,  were  eonuBunicattd  ta 

tho 
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r^kittcd  in  As  prefent  (late ;  but  thai  every  part  of  its  nafs,  fo 
(aratleaftas  our  obfcrvations  reacb^  has  been  agitated  and  fub- 
veited  bj  the  moft  violent  revolutions. 

Falb  leading  to  fuch  A r iking  conclunomt,  however  imper'  Geoloiic 
kBkf  oUerved,  could  not  lail  lo  awaken  curiofiiy,  and  give  '^^  ""^ 
Tifeloade6re  of  tracing  the  hiflory,  and  of  tnvefiigating  the 
cufeSp  of  fuch  (lupendmis  events;  and  various  attempts  were 
stde  in  tbit  way,  but  with  iitile  fuccefs;  for  while  difcoveries 
of  the  tttmoil  importance  and  accuracy  were  made  in  aflro- 
any  and  natural  philofophy,  the  (ydemn  produced  by  the 
GeuUigifls  were  fo  fanciful  and  puerile,  as  fcarccly  to  deter ve 
aferioas  refutation. 

.  One  principal  caufe  of  this  failure  feems  to  have  lain  in  the  becaofe  i 
ftry  imperfed  date  of  chemiftry,  which  has  only  of  late  yean  ^  '^ 
begiw  to  deferve  the  name  of  a  fcience.    While  chemiflry  was  fugcj. 
in  its  in^uicy,  il  was  impoHible  that  geology  Qiould  makje  any 
progrefs ;  (ince  fcveral  of  the  moft  important  circumflances  to 
be  accounted  fur  by  ihis  latter  fcience,  are  admitted  on  all 
bands  lo  depend  upon  principles  of  the  former.     The  confoli* 
dalion  of  loofe  fanJ  into  (Irata  of  folid  rcjck ;  the  cryfialline 
arrangement  of  (ubflajices  accompanying  liiofe  flrata,  and 
blended  with  them  in  various  mo<ies,  are  circumQances  of  a 

die  Royal  Society  of  Edinburgh  in  Auguft  1804,  and  were  tranf- 
initted  to  our  Journal  by  the  author  in  the  following  month.  They 
appear  in  Vol.  JX.  page  5)8.    That  concife  narrative  could  not  but 
ftrongly  excite  the  curiofity  of  philofophers  and  gcologifts,  and  di» 
wtSt  their  earneft  expe£lations  to  a  fuller  detail.     In  the  laft  feflion, 
June  3,  1803,  a  very  ample  communication  was  made,  which  has 
been  printed  with  five  quarto  platts,  ver)  beautifully  engraved  hy 
UxaiSy  framdeiigns  by  6ir  James.     I  cannot  hut  cunfider  it  as  one 
of  thole  high  marks  of  approbation,  with  which  the  Philofophicai 
Journal  has  been  honoured  from  time  to  time,  that  the  author  has 
^i^in  direded  his  attention  to  this  periodical  work,  as  the  vehicle 
through  which  his  difcoveries   fliould  be  more   extenlively  cir- 
culated. With  this  view  he  has  not  only  favoured  me  with  the 
ffieitooir    as  ibon     as    completed,    but  has  liberally   taken   upon 
faimiielf  the  expence  of  engr:«ving  the  plates  for  the  Journal  in  the 
fame  fupeiior  ftylc.     By  this  means  the  numbers  containing  hia 
memoir  will  be  enriched  with  ten  additional  pbtes  beddcs  thole 
ufoally  given  :— for  I  (lull  with  great  fati>fa^ion  follow  the  fteps 
of  the  worthy  baronet  by  prcfenting  the  additional  expcnces  uf 

paper  and  print  to  the  reader  without  charge.    W.  N. 

chemical 
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chemictl  ntture,  which  all  thofe  who  have  atlenpted  Ic 

theortes  of  the  earth  have  endeavoored  by  chemical  reaibiH' 

ings  to  reconcile  to  their  hypothefei. 

Fiie  and  water        Fire  and  tuUer,  the  only  agents  in  nature  by  which  ihMl]^ 

addbced  at  die    fubftEOces  are  produced,  under  our  obfervationp  were  enpioft'  .f: 

^^^  ed  by  contending  feds  of  geologifts,  to  explain  all  the  phe-   .f 

nomena  of  the  mineral  kingdom. 

Water  his  tittle      But  the  known  properties  of  water  are  quite  repugnant  lo 

agency  on  mi-    i^^  belief  of  its  univerfal  influence,  fince  a  very  great  propor- 

ttcm  of  the  fubdances  under  confideration  are  infoluUe,  or  near* 

]y  fo,  in  that  fluid ;  and  fince,  if  they  were  all  extremely  (b* 

luble,  the  quantity  of  water  which  is  known  to  exiil,  or  tbal 

->■ '  could  poffibly  exid  in  our  planet,  would  be  fieu'  too  fmall  to  ao» 

Conaiiion  fire  ^   complifli  the  oflice  afllgned  to  it  in  the  Neptunian  theory*.  Ob 
doei  not  czplaiB   .         iitii  •        n  %  i^-j 

the  fads.  ^"^  Other  hand,  the  known  properties  of  nre  are  no  left  inade- 

quate to  the  purpoCe  ;  for,  various  fubfiances  which  frequently 
occur  in  the  mineral  kingdom,  fcem,  by  their  prefenoe, 
to  preclude  its  fuppofed  agency;  fince  ex|)eriroent  fliews 
that,  in  our  fires,  they  are  totally  changed  or  deflroyed. 

Hence  both  Unier  fuch  circumftances,  the  advocates  of  either  element 

theories  were      ^'ere  enabled,  very  fuccefsFully,  to  refute   the  opinions  of 
.  ij^gjj.  adverfarics,  though  they  could  but  feebly  defend  their 

own :  and,  owing,  perhaps  to  this  mutual  power  of  attack, 
ai^d  for  want  of  any  alternative  to  which  the  opinions  of  men 
could  lean,  both  fyflems  maintained  a  certain  degree  of  ere* 
dit;  and  writers  on  geoiugy  indulged  themfelves,  wilhaibrt 
of  impunity,  in  a  Ayle  of  unphilofuphical  reafoning,  which- 
would  not  have  been  tolerated  in  other  fciences. 
Ctihonate  of  ^^  ^^'  mineral  fubftances,  the  carbonate  of  Ihnt  is  unquef^ 

lime  is  of  ez-  tionablv  the  moil  important  in  a  general  view.  As  limeflone 
Sn«  *'"^'  ^^  marble,  it  conftiiutes  a  very  confiderable  part  of  the  folid 
mafs  of  many  countries ;  and,  in  the  form  of  veins  and  no- 
dules of  fpar,  pervades  every  fpecies  of  Hone.  Its  hillory  it- 
thus  interwoven  in  fuch  a  manner  with  that  of  the  mineral 
kingdom  at  large,  tijai  (he  fate  of  any  geological  theory  muft 
very  much  depend  upon  its  fuccefjiful  application  to  the  va- 
rious conditions  of  this  fubAance.     But,  till  Dr.  Black,  by  his 

♦  lUvftraihns  of  the  Huttonian  Theory^  by  Mr,  Profcflbr  Flayfair, 
I  43U. 

"Z  difcovcry 
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dHcowy  of  cwixNiic  tcid,  explained  the  chemiod  nature  of 
thecarboofttey  no  rational  theory  coald  be  formed,  of  the  che- 
mical revolottons  which  it  has  undoubtedly  undergone. 

This  dtfeovery  wai,  in  the  firft  indance,  hoftile  to  the  fup-  **?A"?Vl5[^ 
pofed  adion  of  fire ;  for  the  decora pofition  of  iimeftone  by  fire  ^^     ^ 
in  every  common  kiln  being  ihut  proved,  it  feemed  abfurd  to 
eferibe  to  that  fame  agent  the  formation  of  limefione,  or  of 
•ny  mab  containing  it. 

The  contemplation  of  this  difficulty  led  Dr.  Hutton  to  view  Dr.  Hutton's 
the  adion  of  fire  in  a  manner  peculiar  to  hirofelf,  and  thus  to*^^* 
form  a  geological  theory,  by  which,  in  my  opinion,  he  has  fur- 
Dtflied  the  world  with  the  true  folution  of  one  of  the  rooft  inte- 
retting  problems  that  has  ever  engaged  the  attention  of  men  of 
fcience« 

He  fuppofed, 

I.  That  heat  has  aAed,  at  fome  remote  period,  on  all  That  rodu  bavt 
j^Ocks«  Bndergone  hett 

IL  That  during  the  aflion  of  heat,  all  thefe  rocks  (even  pitflurt, 
fuch  as  now  appear  at  the  furface)  lay  covered  by  a  fuperin* 
cumbent  uafs,  of  great  weight  and  firength.  "' 

III.  lliat  in  confequence  of  the  combined  a6lion  of  heat 
and  preflure,  effe^s  were  produced  different  from  thofeof  heal 
on  common  occafions ;  in  particular,  that  the  carbonate  of 
lime  was  reduced  to  a  flate  of  fufion,  more  or  lefs  complete^ 
without  any  calcination. 

The  eflential  and  charaderiHic  principle  of  his  theory  is  thus 
comprifed  in  the  word  cnmpreffion;  and  by  one  bold  hypothefis, 
founded  on  this  principle,  he  undertook  (o  meet  all  the  objec- 
tions to  the  adion  of  fire,  and  to  actount  for  thofe  circum- 
ilaoces  in  which  minerals  are  found  to  diflfer  from  the  ufual 
prpdu^.  of  our  furnaces. 

This  fyttemt  however,  involves  fomany  fuppofitions,  *ppa*  singolar  con* 
rently  in  contradidion  to  common  experience,  which  meet  ustnft  of  the  per* 
on  the  very  threOiold,  that  mod  men  have  hitherto  been  de- ^^,f^; 
tened  from  the  invettigation  of  its  principles,  and  only  a  few  Toiatioo,  and 
kidividuals  have  juflly  appreciated  its  merits.    It  was  long  J^  ®^^|^^ 
before  I  belonged  to  the  latter  clafs;  for  I  mud  own,  that,  on 
reading  Dr.  Hutton's  firft  geological  publication,  I  was  in- 
duced to  rejeAhis  fyttem  entirely^  and  fliould  probably  have 
continued  flill  to  do  fo,  with  the  great  majority  of  the  world, 
^Oi  ibr  Dj  habits  of  intimacy  with  the  author  \  the  vivacity 

and 
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tod  perfpkuity  of    whufe  converfalioa  {onaed  k 
contrail  to  ihc  obfcurily  of  h'n  Mriling*.     I  wat  ntd 
that  charm,  and  by  the   numeioun  oiigirm)  (t&t  whi 
fyftem  hwl  led  him  to  obfcrve,  lo  lifteo  to  his  arguntl 
favour  of  opiniuns  which  1  then  looked  upon 
I h us  derived  from  liis  converfalion  ilie  fame  advani 
the  world  has  lately  done  Irorn  ihe  publicalion  uf  M(.  Fhj 
lllujiialioiii;  and,  experienced  the  fame  influence  Wl 
now  exerted  by  Ihal  woik,  on  the  roinds  of  our  nnfi 
men  of  fcience, 

r  three  yean  of  almoll  daily 


ptiocipiel  wilh  lefs  and  lefs  repugnar 


•th  Dr.  H« 

hti  fundainCBtil 


Ther 


I  believe,  in  atl  fcieniihc  invciligaiioni,  wlien  the  cnnjoaartt 
of  genius  ceafe  to  appear  eKlravagaiit ;  itid  when  we  balaiK* 
the  fertility  of  a  principle,  in  explaining  ihe  phenom^u  a( 
nature,  agairll  its  improbability  as  an  hipntbefi*  :  The  partial 
view  which  we  then  obtain  of  truth,  is  peihapi  ili«BKifiat- 
IraSive  of  any,  and  mod  powerfully  flimulalet  the  cxerltOM 
of  an  aflive  mind.  The  mill  which  nbtinred  fume  tAju&t 
dilHpalei  by  degree*,  and  allowi  them  la  afipear  in  their 
true  colours  al  the  fanie  time,  a  diliani  piofpcd  openi  to  ear 
view,  of  fcenei  unfulpcflej  belore. 
(.  Entering  now  feiioully  into  the  train  of  reaf'intng  follnwed 
-  by  Dr.  Hullon,  I  tonceik-ed  ihal  ihe  chemical  •.Oea*  alcrifced 
by  him  to  comprelTion,  ought,  in  the  fiifi  filace,  to  be  ioreAi. 
gated ;  for,  unlefs  fome  good  rcafon  were  given  as  f(>r  be- 
lieving that  heat  would  be  modilicd  by  prelTarc,  in  the  tnamier 
alledged,  il  would  avail  v*  lilllc  lo  know  lliat  tl^cy  had  afled 
logelher.  He  relJcd  his  belief  of  this  Infloi^nce  on  enaloit^  [ 
and  on  thefatisfaaory  fululion  ol  ali  the  phenomena  furnifiied 
by  Ihii  fuppoliiion.  jl  otcurrtd  lo  me,  however,  Ihal  (hit 
principle  vtaK  fiifrcptible  of  being  ellablinied  in  a  direA  man- 
ner by  eMpcnmcni,  and  I  urged  him  lo  make  the  aiiempt  J 
but  he  always  rejefied  Ihit  propofal,  on  account  of  Ihe  im- 
menGly  of  Ihe  naiurai  agenU,  whole  operations  he  ftrppftfed 
„  to  lie  far  beyond  the  letcb  of  our  imilaiion ;  and  he  r««tDr^ 
lo  imagine,  thai  any  luch  aitempi  muli  undoublcilly  fail,  and 
thus  llirow  difciedil  on  opinion*  already  lufticienll;  cflaHiflirf, 


:  conceived,  on  other  piinciples,     1  v 


,  however, 
from 
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ffoa being  coDvinoed  by  thcfe  arguments ;  for,  wichout  being 
»  sUk  !•  prove  that  any  artificial  compreflion  to  which  we  com  Id 
apofetbe  oarboiute,   would  effedlualiy  prevent  its  calcina- 
MB  in  our   fires,  I  maintaioedi  that  we  had  as  little  proof  of 
tke  coBlrary,  and  that  the  application  of  a  moderate  force 
■l^poffibly  perform  all  that  was  hypothetically  aflumed  in 
IJM  HaMonian  theory.     On  the  other  hand,   I  confidered 
■jUf  as  boundp  in  pradice,  to  pay  deference  to  his  opinion, 
ii afield  wbich  he  had  already  fo  nobly  occupied;  and  ab> 
Imed,  doring  the  remainder  of  hiii  life,  from  the  profe» 
cidon  of  fone  experiments  with  comprelfion,  which  I  had 
htgan  'm  )790. 

I  In  I79S9 1  refumed  the  fubjedt  W7th  eagcrncfii  being  dill  of  Expcrimeiit^ 
opbiofe  tbat  the  chemical  law  which  forms  the  bafis  of  the  »v«*is^tioe 
Hmioiiian  theory,  oaght,  in  the  (ird  place,  to  be  invedigated 
experimentally  ;  all  my  fubfequent  reflections  and  obferva* 
tions  having  tended  to  confirm  my  idea  of  the  importance 
of  tbis  porfaity  without  in  any  degree  rendering  me  mure  ap« 
prehenfire  as  to  the  refult. 

In  liie  arrangement  of  the  following  paper,  I  Qiall  firfl  con-  Order  of  (k9 
fine  nyfelf  to  the  invcliigation  of  the  chemical  efieas  of  heat  prtfeni  treait^ 
and  compreffioni  referving  to  the  concluding  part  the  appli- 
caiion  of  my  refults  to  Geology.  1  (hall  th^p  appeal  to  (he 
volcanoes,  and  (ball  endeavour  to  vindicate  the  laws  of  a6)ion 
aflamed  in  the  Huttonian  theory,  by  Ihewing,  that  lavan, 
previous  to  iheir  eruptions,  are  fubjedt  to  fimilarlaws;  and 
iliat  tbe  volcanoes,  by  (heir  fubterranean  and  iubroarine  eg(er» 
lioos,  nuft  produce,  in  our  tiroes,  refults  fimilar  to  thofeafcri* 
bed,  in  that  theory,  to  the  former  adlion  of  lire. 

In  comparing  the  Huttonian  operations  with  thofe  of  the 
volcanoes,  I  (hall  avail  myfcif  of  fume  fadls,  brought  to  light  f 

in  the  courfe  of  the  following  inveHigations,  by  w  hich  a  precife 
iinii  is  afligned  to  the  inteniily  of  the  heat,  and  to  the  force 
of  compreflion,  required  to  fulfil  the  conditions  of  Dr.  Mutton's 
hypothefis:  For,  according  to  him,  the  power  of  thofe  agents 
was  very  great,  but  quite  indefinite ;  it  was  therefore  im» 
poffible  to  compare  their  fuppofed  eficdts  in  any  precife  manner 
with  the  phenomena  of  -nature. 

My  attention  was  almoft  exduGvely  confined  to  the  carbo*  Argument  rc» 
nale  of  lime,  about  which  I  rcafoned  as  follows:  The  carbonic  ^nzu^riunt 
acid,  when  nncombined  with  any  other  fubliance,  cxilis  nato* 

5  rally 
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nUy  in  a  gafeous  htm,  at  the  common  temperature  of  our  a(mo* 
ifrftere;  but  when  in  union  with  lime,  its  volatility  is  reprefTedt 
in  that  fame  temperature,  by  the  chemical  force  of  the  earthy 
fobAance,  which  retains  it  in  a  folid  form.    When  the  tem- 
p^ature  is  raifed  to  a  full  red-heat,  the  acid  acquires  a  vola- 
tility by  which  that  force  is  overcome,  it  eicapes  from  the 
lime,  and  afluraes  its  gafeous  form.    It  is  evident,  that  were 
t)ie  attradive  force  of  the  lime  iucreafed,  or  the  volatility  of 
the  acid  diminiihedby  any  means,  the  compound  would  be  en- 
d>ied  to  bear  a  higher  heat  without  decompofition,  than  it  can 
firS'rfi!!'"*    "*  '^  prefeot  (late  of  things.     Now,  prelfure  muft  produce  an 
^ofion  ind**    ^^'^^  of  this  kind;  for  when  a  mechanical  force  oppofes  the 
tSujf  of  die      expanfion  of  the  acid,  its  volatility  mud,  to  a  certain  degree, 
?f^^jjjj^^hediminifhed.     Under  preflure,  then,  the  carbonate  maybe 
t^foajjSmuL    cxpeded  to  remain  unchanged  in  a  heat,  by  which,  in  the  open 
air,  it  would  have  been  calcined.     But  experiment  alone  can 
teach  us  whatcomprelEng  force  is  requifite  to  enable  it  to  refift 
any  given  elevation  of  temperature ;  and  what  is  to  be  the  refult 
of  fuch  an  operation.     Some  of  the  compounds  of  lime  with 
acids  are  fuiible,  others  refradlory ;  the  carbonate,  when  con« 
iirained  by  preHure  to  endure  a  proper  heat,  may  be  as  fufible 
as  the  muriate, 
Probibility  that      One  circumflance,  derived   from  the  Huttonian  Theory, 
*5  JfJ^!?  c  induced  roe  to  hope,  that  the  carbonate  was  eafily  fufible, 
dificalt  fsfiun.  s^nd  indicated  a  precifu  point,  under  which  that  iuiion  ought 
to  be  expeded.     Nothing  is  moro  common  than  to  meet  wiUi 
nodules  of  calcareous  fpar  inclofed  in  whinAone;  and  we  fup« 
pofe»  according  to  the  Huttonian  theory,  that  the  whin  and 
the  fpar  had  been  liquid  together ;  the  two  Buids  keeping  fepa. 
rate,  like  oil  and  water.     It  is  natural,  at  the  jundlion  of  thel'c 
two,  to  look  for  indications  of  their  relative  funbiiitie.<;  and  we 
FaAs  which       ^^^'  accordingly,  that  the  termination  of  the  fpar  is  generally 
iadiciteitt         globular  and  I'mooth ;  which  feems  to  prove,  that,  when  the 
SMltiag  heat.    Yifiiin  became  folid,  the  fpar  was  flill  in  a  liquid  ftale;  for  had 
the  fpar  congealed  firA,  the  tendency  which  it  (liews,  on  all  oc- 
.    cafions  of  freedom,   to  (lioot  out  into  prominent  cryAals,  would 
have  made  it  dart  into  the  liquid  whin,  according  to  the  pecu« 
liar  forms  of   its  cryflallization;  as  has  happened  with   the 
various  fubftances  contained  in  whin,  much  more  refra6tory 
than  iifelfv  namely,  augite,  felfpar,  &c.;  all  of  which  having 
congealed  in  the  liquid  whin>  have  aflfumed  their  peculiar 
«  forips 
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forms  wi«h  perfedl  regalarifjr.  From  \h\n  I  concluded,  (hat 
when  the  whin  congealed*  which  muft  have  happened  ahout 
SS*'  or  SO^'  of  Wedgwood,  the  fpar  was  M\  liqaid.  I  therefore 
e%pe6ied,  if  I  could  compel  the  carbonate  to  bear  a  heat  of  28^ 
without  decompofilion,  that  il  would  enter  into  (iifion.  The 
feqael  will  fliew  that  thii  oonjedlure  was  not  without  foun- 
datioD* 

I  flmll  BOW  enter  upon  the  defcriptiim  of  thofe  experiments,  '^y^  ex- 
the  refult  of  which  I  bad  the  honour  to  lay  before  this  Society  perimeAti  in* 
en  the  SOlh  of  Auguft  laft  (1804);  fully  aware  how  difficult  it  ***"««*• 
is,  in  giving  an  account  of  above  five  hundred  experiments,  all 
lending  to  one  point,  but  difering  much  from  each  other  in 
various  particulars,  to  fteer  between  the  oppofite  faults  of 
prolixity  and  barrennefs.     My  objed  (hall  be  to  defcribe.  as 
(hortly  as  poffible,  all  the  methods  followed,  fo  as  to  enable 
any  chemid  to  repeat  the  experiments ;  and  to  dwell  particu* 
la  fly  on  fuch  circumftances  only  as  feem  to  lead  to  conclufions 
of  importance. 

The  refult  being  already  known,  I  confider  the  account  I 

am  about  to  give  of  the  execution  of  thefe  experimtnls*  as 

addreflfed  to  thofe  who  take  a  particular  interefl  in  the  progrcTs 

of  chemical  operations:  in  the  eyes  of  fuch  gentlemen,  I  iruf^, 

that  none  of  the  details  into  which  I  mull  enter,  will  appear 

fuperfluous. 

Section     II. 

Principle  of  Eiecution  upon  wfuch  the JbHoiving  ExjKi  imcnU  uere 

conduced, — Experiments  uilh  GuiuBmicU  filled  with  baked 

Clay,  and  welded  at  the .  MuztU,-^ Method  viith  the  Jufible 

Metal, — Remarkable  Ujjft6t9  qfits  Expanfion. — Xeccjfity  of  itu 

iroduciiig  Air^^—RefUUs  obtained. 

When  I  firfl  undertook  to  make  experiments   with  heat 

acting  under  compreflion,  I  employed  myfelf  in  contriving '^Jl*""*'!^* 

various  devices  of  fcrews,  of  bolts,  and  of  lids,  foadjufled,  I^trivancesfor    i 

hoped,  as  to  con/ine  all  elaflic  fubflances ;  and  perhaps  fome  Jf*"^"'**^  *^'*^»* 

of  them  might  have  anlwered.     But  I  laid  afide  all  fuch  de-  ^igh  tempe- 

vices,  in  favour  of  one  whicii  occurre<l  to  me  in  January  1798;  tatures. 

which,  by  its  fimplicity,  was  of  eafy  application  in  all  cafes, 

and  accomplifhed  ail  that  could  be  done  by  anv  <lc\'ice,  lince 

it  fecured  perfaA  flrength  and  tightnefs  to  the  utnwtl  (hat  the 

vcflels  employed  could  bear,  whether  formed  of  nu'iallic  or 

earthy  fulfiaoce.    The  device  depends  upon'  the  following 

general  view;  If  we  take  a  hollow  tube  or  barrel  (AD  PL  ix« 

A.* 
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The  method       %•  1*)^  cloTed  at  one  endt  and  op€D  at  the  otheft  of  one  Hoot 

adopted  ulti-      ^  m^^  in  length  f  it  is  evident,  thai  by  in(roducine  one  end 

include  the        "'^  *  fumace,  we  can  apply  to  it  as  great  heal  as  art  can 

fttbjeainan      prodiice»  while  the  Other  end  is  kept  cool,  or,  if  neceflary* 

clofe  the  a^    ttcpofed  to  exlreme^cold.    If,  then,  the  fubflance  which  we 

lure  by  fufion.   mean  to  fubjed  to  the  combined  a^ion  of  heat  and  preiTure  be 

introdnced  into  the  breech  or  clofed  end  of  the  barrel  (CD), 

•vnd  if  the  middle  part  be  filled  with  fome  refiradory  fubdance, 

leaving  a  fmalJ  empty  f pace  at  the  muxasle  ( AB),  we  can  apply 

heat  to  the  muzsle,  while  the  breech  containing  the  fubje£l  of 

experimeni,  is  kept  cool,  and  thus  clofe  the  barrel  by  any  of 

Uie  numerous  modes  which  heat  affords,  from  the  welding  of 

iron  to  the  melliag  of  realing*wax.  Things  being  then  reverl'ed, 

and  the  breeeh  pat  into  the  furnace,  a  heat  of  any  required 

intenEty  nay  be  applied  to  the  fubjed  of  experiment,  now  in 

a  flate  of  conftraint. 

My  iirft  application  of  this  fcheme  was  carried  on  with  a 

Flrft  experimcat  common  gun-barrel,  cut  off  at  the  touch-hole,  and  welded 

plotted*^****  ^^'y  ftfongly  at  the  breech  by  means  of  a  plug  of  iron.     Into 

wfldedf  it  1  introduced  the  carbonate,  previoafly  rammed  into  a  car* 

tridge  of  paper  or  palleboard«  in  order  to  protect  it  from  the 

jroo,  by  which,  in  fome  former  trials,  the  fubjeA  of  experiment 

had  been  contaminated  throughout  during  the  a6lion  of  heat^ 

J  then  rammed  the  reft  of  the  barrel  full  of  pounded  clay 

previouily  baked  in  a  (Irong  heat,  and  I  had  the  muzzle  c  lofed 

like  the  breech,  by  a  plug  of  iron  welded  upon  it  in  a  common 

ftrge;  the  reft  of  the   barrel  being   kept   cold   during   this 

operatfon,  by  means  of  wet  cloths.    The  breech  of  the  iMtrrel 

-was  then  put  horizontally  into  a  common  muffle,  heated  to  about 

25^  of  Wedgwood.     To  the  muzzle  a  rope  was  fixed,  in  fuch 

^  a  manner,  that  the  barrel  could  be  withdrawn  without  danger 

laftaanMef*  fromanexplofion*,  I  likewife,  about  this  time  dofed  the  muzzle 

9L  of 

*  This  plate  will  be  given  in  No.  54,  being  the  fupplement  to  the 
prefent  volume. 

f  On  one  occafion,  the  importance  of  this  precaution  wa« 
ftrongly  felt.  Having  iBad\Trtently  introduced  a  ponfiderable 
i)U9ntity  of  moifture  into  a  welded  l>an'el9  an  explofion  took  place, 
before  the  heat  had  riien  to  rrdnefs,  by  which,  part  of  the  barrel  was 
fpread  out  to  a  ^at  plate,  and  the  fiimace  was  blown  to  pieces. 
Dr.  Kennedy,  who  happened  to  be  prefent  on  this  occadoBt  ob- 
fcrved,  that  notwithftanding  this  accident,  the  tfrne  might  come 
V'hcn  we  ihould  employ  water  in  thefe  experiments  to  atfift  the 

force 
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%t  liie  barrel,  by  means  ofa  plug,  fixed  by  folder  onlj ;  whicb  me* 
thod  bad  this  peculiar  advantage,  that  I  could  (hut  and  open  the 
Iwrd  without  having  recourfe  to  a  workman.    In  tlicfe  triali^ 
'  iWigb  many  barrels  yieldeii  to  tlieexpanfive  tbrce, others  refjfted 
it,  and  aflforded  Tome  relults  that  were  in  the  higheO  degree  ^o 
iging,  and  even  fatiKfaclory,  cuuld  they  have  been  ob- 
with  certainty  on  repetition  of  the  proccfit.     In  many 
cl  the«p  chall^,  or  common  limeftnne  previoufly  pulvcrifisd,  Satlsfadbr>- 
agglutinaled  into  a  (lony  roafs  which  required  a  (maK  '^"''^ 
nl'  a  hammer  lo  break  it,  and  ftJt  uiKler  the  knife  J  ike  a 
oaoEimon   hnieflone;  at  the  fame  time,  the  fubitance,   when 
ikown  into  nitric  acid,  dinfolvcd  entirely  with  violent  etfer- 
vcfeence. 

In  one  of  Ihefe  experiments,  owing  to  the  a£lion  of  beat  on  Volatile  matter 
the  canri4ge  of  paper,  the  baked  clay,  which  had  been  ufed  "^^y  ^  <^"vea 
lo  fin  the  barrel,  was  fiained  black  throughout,  to  the  didance  anorher  p^n  cf 
•f  liro-lbiids  of  the  length  of  the  barrel  from  its  breech.     This  *  cUca  bane.. 
cimmflaooe  ii  of  imponance,  by  flic  wing,  that  though  aU  is 
(igfaC  ^  the  muzzle,  a  prtiirutlon  may  lake  place  along  the 
birrcl^  greatly  to  the  dclrimrnt  of  complete  compreffion :  and, 
.at  the  Imm  time,  it  illuHj-ates  what  has  happened  occafiofially 
ia  Batnre^  where  the  bituminous  matter  (ecms  to  have  been 
driven  by  fuperior  local  heat,  Irom  one  part  of  a  coaly  bed, 
HkOUgb  retained  in  other<,  under  the  fame  compreflion.     The 
bttiunen  fo  driven  off  being  found,  in  other  cafes>  to  pervade 
and  ftlngc  beds  ot*  ilate  and  of  fandllone. 

I  wai  employed  in  this  purfuit  in  fpring  1900,  when  an 
event  of  importance  interrupted  my  experiments  for  about  a 
year.  Bui  I  refumed  them  in  March  1801,  with  many  new 
plans  of  execution,  and  ¥viih  confiderable  addiiion  to  my  ap- 
paratus. 

Id  ihecouife  r.f  my  firft  trials,  the  following  mode  of  execo*  Eiperlaienti  in 

'  *  .  which  ihe 

tioo  had  occurred  to  me,  whidi  I  now  began  to  put  in  pra6hce.  fufibk  necal 

It  is  well  known  to  chemifts,  that  a  certain  compoiition  of  ^"^  ^^^  *  **** 

piuf. 

fbree  of  compreflion.    i  have  fince  made  great  u(e  of  this  valuable 

laggcftioa:  but  he  fcarccly  lived,  alas  I  to  fee  its  ^plication  ;  for 

mf  fiift  Incceis  in  this  way  took  place  during  his    la(l  illneis*— >! 

have  been  espofed   to  no  riik  in  any  other  experiment  with  iron 

*hamli|  matters  being  fo  arranged,  tliat  the  IUaIh  againft  them  has 

only  commcBcci  in  a  red  heat,  in  which  the  metal  has  hecp  fo  far 

firftAMd^  as  t*  yield  by  laceration  like  a  piece  of  leather. 

d  fr'"'**':^ 


•  * 


different  melali",  prnclucei  a  rubftance  fn  fiiOble,  a*  li 

ill  ilie  heat  ul  bulling- waiiT.  I  coitteivcd  (hal  gieal  ^uhiannj 

bolh  in  point  ot  accnracy  ond  dilpauli,  miglil  be  gaJnwHl  ] 

Ihcfe  cxp?riment>,  bv  rublliluring  this  melal  for  IheJ 

clay  above  raeiiliunetJ :  ThtU  alier  itilrixluctng  ibeo 

inki  ihc  breech  or  die  barrel,  the  fufible  melat.  ! 

flate,  night  be  poured  in,  fa  a«  lo  till  rhe  ban«l  U 

That  when  the  melal  h;4cl  cooled  and  bu'come  falid,  thsM 

ttii){hl,  Bii  before,  be  introduced  into  a  inutile,  tt\A  t 

to  any  rei)uired  heat,  ivhdethe  muzzle  wascarelallj  kej 

In  ihis  munrier,  no  pitrt  iif  the  fulible  metal  being  mvlli 

Mhal  lay  at  ilie  breech,  the  fell,  conlinuing  in  a  foW 

would  ef^^ually  eonline  ihe  carbonic  acid  :  That  aftcrflj 

lion  uf  (iroiij;  heat  had  ceafed,  and  alter  all  had  been  ■ 

lo  cool  completely.  Ihe  fufible  oieUl  might  be  re 

ly  from  the  barrel,  by  means  of  a  heal  lillle  above  that  d 

ing  water,  and  far  loo  low  to  oecation  any  decompnm 

llie  carbonate  by  calcination,  though  afling  upon  it  in  mt- 

■lorn ;  and  ihcn,  that  the  (ubjed  ul'  experiment  might,  li  be* 

fore,  be  laken  uui  of  the  barrel. 

Thii  Ccheme,  wiih  vaiioua  modificalioni  and  addiliotM* 
wliich  pia6lice  has  TuggeAed,  forms  tiie  balii  ot  mofi  of  the 
following  melhodc. 
A  flriking  pb«-  '"  '''*  ^'^  "'"'•  "  '*f''<'"8  phenomenon  occurred,  whicfc 
nutneann.  Wben  gave  rife  lo  the  inoll  important  of  ihcfe  modificaiioiiu.  Ha* 
the  ''■"<^''"     vine  filled  a  giin-bafrel  with  the  luiible  metal,  wiihual  aw 

scwnplete  y  fillej         6  6  '  / 

widi  fuCi^  carbonate ;  and  iiaving  placed  the  breech  in  a 
""*' °"'j"  '"^  furprifed  lo  fee,  as  the  heat  approaclied  lo  rodncft,  lli«  UtpM 
of  the  iton  CI-  melal  ntu'llng  ihrough  ihe  iron  in  innumerable  minute  dropt, 
poftd  to  heat  in  jjiptrled  all  round  ihe  barrel.  At  ihe  heat  advanced,  thi* 
jmitrV.pin-  e^tiiUrnn  incroared,  lill  at  lad  llic  metal  ilo*\ed  out  t 
AanoftlKAiiid  continued  Dreanis,  and  the  barrel  was  quite  deflioyMl.  0 
iirrtiwitrrf  "^  f*^"^'^  oceatlon*  of  the  fame  kind,  the  fuHble  melal,  beiiqE 
(hciioninvcry  forced  through  (^-ma  lery  nimute  apcriure  in  Ihe  barreli 
fpoaleri  from  it  lu  (lie  dilHncc  ui  ftveral  yardi,  depofiling 
my  fubHance  oppofed  to  the  ftrcam,  a  beautiful  at- 
'femblagc  of  fine  wire,  exaflly  in  the  form  ol  wool.  I  imme* 
diaiely  un<1ernood  ihal  the  phenomenon  was  produced  by  the 
jupcrior  expanfifFn  of  the  liquid  over  tin.-  I'olid  melal,  I 

•  Eighi  parts  cf  b;fnniili,  five  cf  ImJ,  and  three  ofS 


fembline  wool. 


'     •     lY   -COMPRESSIOlltf  5;39 

(oquence  of  which,  the  fufible  metal  was  driven  throujth  the 

iron  af  water  was  driven  throuj^h  (ilver  *  by  mechanical  per- 

cuffion  in  the  Florentine  experiment.     It  occarred  to  mc,  that  J"]!^^*   A 

this  roight  be  prevented  by  coufming  along  with  the  '^i^'hle^j^^,!^^.^ 

metal  a  fmall  quantity  of  air,  which,  by  yielding  a  liule  tu  the  bind. 

the  expanGon  of  the  iiquid»  would  fave  the  barrel.     This  re« 

medy  was  found  to  anfwer  completely,  and  was  applied^  in 

9II  the  experiments  made  at  this  time  f. 

1  now  propofed,  in  order  to  keep  the  carbonate  clean,  toJ^***."JSf* 
inciofe  it  in  a  fmall  veflel;  and  to  obviate  the  <lilhculty  of ,  ^^U  ^^^^ 
removing  the  refult  at  the  concluiion  of  the  experiment,  I  velTd. 
further  propofed  to  connedl  that  veflel  with  an  iron  ramrodp 
longer  than  the  barrel,  by  which  il  could  be  introduced  or 
withdrawn  at  pleafure. 

•  Effijyi  of  Natural  Experiments  made  in  the  Academe  del  Cimento^ 
tranflated  by  Waller,  London,  1^81,  page  117.  The  fame  in 
Muflchenbroek^s  Latin  Tranllation,  Ludg.  Bat.  1731,  p.  G3. 

f  I  found  it  a  matter  of  much  difficulty  to  afccrtain  the  proper 
quantity  of  air  which  ought  to  be  thus  inclo(ed.  When  the  quaniity 
was  too  great,  the  refult  was  injured  by  diminution  of  elafticity,  aS 
I  Ihall  have  occafion  fully  to  ihew  hereafter.  When  too  fmall,  or 
when,  by  any  accident,  the  whole  of  this  included  air  was  allowed 
toefcape,  the  barrel  was  deftroyed. 

I  hoped  to  afcertain  the  bulk  of  air  neceflary  to  give  liberty  to 
the  expanfion  of  the  liquid  metal,  by  meafuring  the  aAual  quantity 
expelled  by  known  heats  from  an  open  barrel  filled  with  it.  But 
I  was  furprifed  to  find,  that  the  quantity  thus  difcharged,  exceeded 
in  bulk  that  of  the  air  which,  in  the  fame  heats,  I  had  confined 
along  with  the  carbonate  and  fufible  metal  in  many  fuccefsful  ex- 
periments. As  the  expanfion  of  the  liquid  docs  not  feem  capable 
of  fenfible  diminution  by  an  oppofing  force,  this  fa6i  can  only  be 
accounted  for  by  a  diftenfion  of  the  barrel.  In  thefe  experiments, 
then,  the  expanfive  force  of  the  carbonic  acid,  of  the  included  air, 
and  of  the  fufible  metal,  a6led  in  combination  againii  the  barrel^ 
and  were  yielded  to  in  part  by  the  diftenfion  of  the  barrel,  and  by 
the  iondenfation  of  the  included  air.  My  objeA  was  to  incrcafe 
the  force  of  this  mutual  a^ion,  by  diminifhing  the  quantity  of  air, 
and  by  other  devices  to  be  mentioned  hereafter.  Where  fo  many 
i'oicesjwere  concerned,  the  laws  of  whofe  variations  were  unknown* 
nuich  prcdfioa  could  not  be  expcAed,  nor  is  it  wonderful,  that  in 
attempting  to  carry  the  compreflfing  force  to  the  uunoft,  I  ihould 
^avf  dofli'oyfd  barrels  innumerable. 

A  fa-all 
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f)«feiipcifNi  9i  X  faall  tabe  of  glafs,  ♦  or  of  Reaumurt  porcehin,  aboal 
I  II  a^panttts.  ^  quarter  of  an  inch  in  diameter,  and  one  or  two  inches  in 
^nglh,  (fig.  2,  A)  was  half  filled  with  pounded  carbonate  of 
lime,  rammed  as  hard  ai  poffible  ;  the  other  half  of  (he  tobe 
being  filled  with  pounded  iilex,  or  with  whatever  occurred 
as  moft  likely  to  prevent  the  intrufion  of  the  fufible  metal 
in  its  liquid  and  penetrating  (late.  This  tube  fo  filled»  wai 
placed  in  a  frame  or  cradle  of  iron  {dfk  A,  figs.  S»  4,  5,  and 
6),  fixed  to  the  end  (m)  of  a  ram-rod  (m  if).  The  cradle 
was  from  fix  to  three  inches  in  length,  and  as  much  in  diame- 
ter as  a  gun-barrel  would  admit  with  eafc.  It  was  compofed 
of  two  circular  plates  of  iron,  {defg  and  h  i  k  i,  feen  edge* 
wife  in  the  figures),  placed  at  right-angles  (o  the  ram«rod»  one 
of  tbefe  plates  (d  efg)  being  fixed  to  it  by  the  centre  (m).  - 
Thefe  plates  were  conneded  together  by  four  ribs  or  flattened 
wires  of  iron  {dh,  ei,fk,  andgl,)  which  formed  the  cradia 
into  which  the  tube  (A),  containing  the  carbonate,  was  intrd* 
duced  by  thrufling  the  adjacent  ribs  afunder.  Along  with  the 
tube  jnfl  mentioned,  was  introduced  another  tube  (B),  of  iron 
or  porcelain,  filled  only  with  air.  Likewifci  in  the  cradle,  a 
pyrometer  f  piece  (C)  was  placed  in  cental  with  (A)  the  tobe 

con- 

*  I  have  fince  conftantly  ufed  tubes  of  common  porcelaini  find- 
ing glafs  much  too  fudble  for  this  purpofe. 

f  The  pyrometer-pieces  ufed  in  thefe  experiments  were  madf 
under  my  own  eye.  Neceflity  compelled  me  to  undertake  this 
laborious  and  difficult  work,  in  which  I  have  already  lb  far  fuc- 
cecded  as  to  obtain  a  let  of  pieces,  which,  though  far  from  com* 
plete,  anfwer  my  purpofe  tolerably  well.  I  had  lately  an  oppor« 
tunity  of  comparing  my  iet  with  that  of  Mr.  Wedgwood,  at  various 
temperatures,  in  furnaces  of  great  (izc  and  fteadinefs.  The  refult 
lias -proved,  that  my  pieces  agree  as  well  with  each  other  as  hat, 
though  witli  my  fet  each  temperature  is  indicated  by  a  different 
degree  of  the  fcale.  I  have  thus  been  enabled  to  conlhuft  a 
table,  by  which  my  obfervations  have  been  correAed,  fo  that  the 
tem|«enitures  mentioned  in  this  paper  are  fuch  as  would  have  been 
•iiHlicated  by  Mr.  Wedgwood's  pieces.  By  Mr,  Wedgwood*s 
pieces,  I  mean  thofe  of  the  only  fet  wliich  has  l)een  fold  to  the. 
fpobltc,  and  by  which  the  melting  heat  of  pore  filver  is  indicated 
at  the  Q2d  degree.  I  ftm  well  aware,  that  the  late  Mr.  Wedg- 
wood, in  his  Table  of  Ftiiihilitie*,  has  ilated  that  fufton  as  taking 

place 
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xMMinlng  ibe  carbonate.  Thefe  articles  geoeraliy  occupied 
he  whole  cradltf ;  when  any  fpace  remained,  it  was  filled  up 
If  ft  piece  of  chalk  drefled  for  the  purpofe*  (Fig.  4,  repre- 
oals  the  ciadle  filled,  as  juft  de/cribed). 

.  TUngs  belog  thus  prepared,  the  gun*barrel,  placed  ered  MeUiod  of  udug 
its  iDuxzle  upwards,  was  half  filled  with  the  liquid  fufible  ' 


The  cradle  was  then  introduced  into  the  barrel,  and 

pbnged  to  the  botloui  of  the  liquid,  fo  that  the  carbonate  was 

pboed  very  near  the  breech,  (as  rcprefented  in  fig.  5,  the  fu* 

iUe  metal  lianding  at  o).     The  air-tube  (B)  being  placed  fo 

M  to  enter  the  liquid  with  its  muzzle  downwards,  retained 

■peat  pan  of  the  air  it  originally  contained,  though  fome  of  it 

■igjk  be  driven  oflf  by  llie  heal,  fo  as  to  elcape  through  the 

tqtid*  The  oKtal  being  now  allowed  to  cool,  and  to  fix  round 

the  ciadle  and  ramrod,  the  air  remaining  in  the  air-tube  was 

cfieAuilyfloiifined,  and  all  was  held  faft.    The  barrel  being 

then  filed  to  the  brim  with  fufible  metal,  the  apparatus  was 

icidf  bt  Ike  application  of  heat  to  the  breech,  (as  ibewn  in 

%.tfjnBleX. 

ii  the  experiments  made  at  this  time,  I  ofed  a  fquare  brick  the  fanilce  anj 
-  *-  ...  ^  X  T..i      muffle  tmnge- 

maoe,  (ngi.  7  and  8,  faavmg  a  muffle  (r  «)  traverung  it  ho-  ment,  frc 

riiODlally  and  open  at  both  ends.   This  muffle  being  fupported 

in  the  middle  by  a  very  (lender  prop,  was  expofed  to  fire  from 

hdo««  as  well  as  all  round.    The  barrel  was  placed  in  the 

Baffle,  with  its  breech  in  the  hotteft  part,  and  the  end  next 

ifie  muzzle  projeding  beyond  the  fur-nace,  and  furrounded 

with  chubs  which  were  drenched  with  water  from  time  to  time. 

(This  arrangenient  is  Ihewn  in  fig.  7.)     In  this  fituation,  the 

liifibfe  metal   I'urrounding  the  cradle  being  melted,    the  air 

DQOtaioed  in  the  air-tube  would  of  courfe  feek  the  higheft  po- 

fitloo,  and  its  firfc  place  in  the  air-tube  would  be  occupied 

bjrfiifible  metal.     (In  fig.  6,  (he  new  pofition  of  the  air  is 

Aewn  atp  q). 

At  the  coitciufion  of  the  experiment,  the  metal  was  generally  Method  of  dif- 

removed  by  placing  the  barrel  in  the  Iran fverfc  muffle,  with^^'^^^'^f^, 

Its  viuzzlc  pointing  a  little  downwards,  and  I'o  that  tiie  heat  ez^imtat. 

was  applied  firfl  to  the  muzzle,  and  then  to  the  reft  of  the 

bfrr^l  in  fuLCeOioat     (Tiiis  operation  is  (hewn  in  fig.  8.)     In 

• 
|ilKe  ^t  the  ?8th  degree  j  bdt  X  am  convinced  that  his  dbfervations 

tiiullf  have  been  made  with  fome  fet  different  from  that  which  was 

^rci wards  fold« 

Vol.  XIII. — Apkii,  \B0C,  Bb  fom?. 
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fomeof  the  firft  of  (befe  experiments,  I  loofened  the  cradle^  bjp 
plunging  the  barrel  into  heated  brine,  or  a  (Irong  folution  ol 
mariale  of  lime ;  which  lad  bears  a  temperature  of  250^  oi 
Fahrenheit  before  it  boils.  For  this  purpofe,  I  ufed  a  pan 
three  inches  in  diameter,  and  three  feet  deep,  having  a  fiat 
bafon  at  top  to  receive  the  liquid  when  it  boiled  over.  The 
method  anfwered,  but  was  troublefome,  and  I  laid  it  afide. 
i'have  had  occafion,  lately,  however,  to  refume  it  in  fome 
experiments  in  which  it  was  of  confeqoence  to  open  the 
barrel  with  the  leafi  poffible  beat  ^. 

Bjf  thefe  methods  I  made  a  great  number  of  experiments^ 
with  refalts  that  were  highly  tnterefting  in  that  (iage  of  the 
bufiiiefsy  though  their  importance  is  fo  much  diminilbed  by  the 
fubfeqoent  progrefs  of  (he  invefligation,  that  I  think  it  proper 
to  mention  but  very  few  of  (hem. 
Calctreooi  fpar       On  (he  31(1  of  Alarcb,   IBOl,  I  rammed  forty  grains  of 
ht^n^e"'^    poanded  chalk  into  a  tube  of  green  bottle-glafs,  and  placed  it 
marbk  by  h«tt   III  (he  cradle  as  above  delcribed.    A  pyrometer  in  the  mufiie 
of  33<*  Wedg-    gjQfut  vi^ith  the  barrel  indicated  33^.     The  barrel  was  expofed 
to  beat  daring  feventeen  or  eighteen  minutes.     On  withdraw- 
ing the  cradle,  the  carbonate  was  found  in  one  folid  mafs, 
which  had  viQbly  (hrunk  in  bulk,  the  fpace  thus  left  within 
the  tube  being  accurately  filled  with  metal,  which  plated  the 
carbonate  all  over  without  penetrating  it  in  the  leafl,  fo  that 
(he  metal  was  ealily  removed.     The  weight  was  reduced 
from  forty  to  thiriy-fix  grains.     The  fubAance  was  very  hard, 
and  refified  the  knife  better  than  any  refult  of  the  kind  pre> 
vioufly  obtained ;  its  fra£tare  was  cryfialline,  bearing  a  re- 
femblance  (o  white  faline  marble ;  and  its  thin  edges  bad  a 
decided  femitranfparencyi  a  circumftance  firfl  obferved  In  this 
refult. 
Cilcaicouftfpar '     On  the  3d  of  March  of  (he  fame  year,  I  made  a  fimilar 
icftxicred  cryftJ.  experiment,  in  which  a  pyrometer*piece  was  placed  within 

by  heat  ft3*.  *  ^^  wmny  of  the  following  experiments,  lead  was  ufed  in  place 

of  the  fvfible  metal,  and  often  with  fuccefs ;  but  I  loft  many  good 
refults  in  this  way :  for  the  heat  required  to  liquefy  the  lead  ap- 
proaches fo  near  to  rrdnefs,  that  it  is  difficult  to  difengage  the 
'  crad)e  without  applying  a  temperature  by  which  the  carbpnate  Is 
injured.  ,  1  have  found  it  anfwer  well,  to  furround  the  cradle  and  a 
.fey  inches  of  the  rod  with  fufible  metal,  and  to  fill  the  reft  of  the 
barrel  with  lead. 

the 
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the  barrel,  aiid  tnother  in  th^  mufile;  they  agreed  in  irCli« 
eating  25^.  The  inner  tube,  which  was  of  Reaumur's  porce« 
lain,  contained  eighty  grains  of  pounded  chalk.  The  carbo- 
nate was  found,  af^er  the  experiment,  to  have  lod  3|  grain;*. 
A  thin  rim,  lefs  than  the  20ih  of  an  inch  in  thickncfs,  of 
wfailiti  matter,  appeared  on  the  outfide  of  the  mats.  In  other 
leTpeOs,  the  carbonate  was  in  a  very  perfed  ftate ;  it  was  of  a 
jeUowifli  coloort  and  had  a  decided  femitranfparency  and 
laline  fradare.  But  what  renders  this  refnit  of  the  greateft 
value,  it,  that  on  breaking  the  mafs,  a  fpace  of  more  than  the 
tenth  of  an  inch  fquare,  was  found  to  be  completely  cryHal- 
lixed,  having  acquired  the  rhomboidal  fradure  of  calcareoii^s 
fpar.  It  was  white  and  opaque,  and  prefented  to  the  view 
three  fets  of  parallel  plates  which  are  feen  under  three  different 
angles.  This  fubftance,  owing  to  partial  calcination  and  fub* 
iequent  abforption  of  moifture,  had  loft  all  appearance  of  its 
remarkable  properties  in  fome  weeks  after  its  production ;  but 
this  appearance  has  fince  been  reftored,  by  a  frefli  fra6turc, 
and  the  fpecimen  is  now  well  preferved  by  being  hermetically 
indofed, 

(To  be  a^inued.) 


XIII. 

On  iheUfifofthe  SiUures  in  the  Skulls  of  Animals.     Ey 

Mr.  B.  Gibson  •. 

X  HE  full  ufe  of  the  fingular  jundion  of  the  hones  of  the  O^je^^ures  on 
ikoll,  which  is  called  future,  has,  from  ihcearlieft  perioch  of?l"^*?^'I;* 
anatomy  and  lurgery,  attracted  the  attention  and  eluded  the  ikull*  of  aAimuk. 
refearches  of  the  phyfiologift.    To  this  remarkable  feature  iii 
ofteqgny,  in    a  great  meafure  peculiar  to  a  certain  period  of 
life,  many  nfes  have  been  attributed.     Some  of  thefe  are 
totally  erroneous ;  fuch  as  that  for  allowing  the  traiifpiratioEi 
of  OMMftore,  to  keep  the  brain  cool  and  fit  for  thinking ;  for 
giving  a  more  ftrid  adhefion  of  the  dura  mater  to  the  inner 
farhce  of  the  (kail ;  for  admitting  a  more  free  communication 
by  blood^veflels  between  the  external  and  internal  parU  of  thc^ 
head ;    or  for  afimling  interftices,   that  the  homes  may  b^ 
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Other  fu]>pofcd 
ttfes. 


puihed  afander  by  the  growth  of  (he  brain,  left  that  or|;Bn 
(bould  be  ciainped  in  its  growth,  in  confeqaenoe  of  the  com- 
ptratively  fluw  growth  of  the  bones  of  the  fkuli. 

Other  ufes  attributed  to  the  futures  are  merely  flight  ad- 
^ntages  derived  from  their  (irudturc,  which  are  enjoyed  in 
early  infancy,  or  till  adult  life,  but  gradually  ccafe  after  that 
period.  Thus  mt  the  time  of  birth  the  loofe  union  of  thee 
bones  of  the  ikuU  accooaHiodates  the  (hape  of  the  head  to  the 
figure  of  the  different  partff  of  the  cavity  through  which  it 
pafTes.  At  adult  age,  when  the  futures  are  fully  formed,  they 
may  occafionally  check  the  progrefs  (if  I  may  be  allowed  the 
expreffion)  of  a  frafture  nearly  fpent ;— or  vibrationsy  com- 
municated to  the  bones  of  the  ftull,  will  be  propagated  with 
lefs  force  to  the  brain,  in  confequence  of  the  bones  being 
feparated  at  the  futures.  It  h,  however,  abundantly  evident, 
that  thefe  are  not  tlie  main  purpofes  for  which  the  futures  are 
formed  ;  otherwife  they  would  not  begin  to  be  obliterated  at 
a  period  of  life  when  (hey  would  perform  thefe  offices  more 
ilfefuHy  than  eren  Confident  with  this  remark  we  fliall  find, 
that  the  (rue  purpofc  for  which  they  are  formed,  and  (he  par- 
ticular procefs  wi(h  which  they  are  connefled,  is  fully  com-' 
pleted  before  tlieir  obliteration  takes  place. 

When  we  lake  a  view  of  the  mode  of  jun6lion  between 
many  bones,  and  parts  of  bones  in  (he  human  body,  which  do 
not  admit  of  motion,  we  find  (ha(  wi(h  litde  excep(ion  they 
all  agtee  in  this  particular ;  (hat  fooner  or  later  the  cartilage 
or  periofleum  which  once  was  interpofqd  is  obliterated,  and 
thefe  different  portions,  or  en  (ire  bone^,  coalefce. 
\bi^oA  *^  The  fepiirate  pordons,  which  originally  compofe  the 
ver(ebrae,  are  early  in  (bus  uniting ;  after  (hefe  (he  ikies  of 
the  lower  jaw  ;  at  a  later  period  the  epiphyfis  of  a  cylindrical 
bone  is  united  to  its  body :  and  Hill  later  the  bones  of  the 
IkuH  ufually  coalefce,  and  (he  ^(ures  are  obliterated.  Other 
bones,  as  lliofe  of  (he  face,  which  have  no  motion  and 
fuflain  little  weight,  are  irregular  ia  this  refpecl ;  foaietimes; 
uniting,  but  generally  remaining  didind,  (o  (he  end  of  a  long 
life. 

The  original  forma(ion  of  (he  oflTeous  fyflem  in  fever^l 
dif)in6t  pieces,  refpeds,  principally  lis  fpeedy  o(lifica(ioR  at 
an  early  period  of  life,  and  i(s  fu(ure  convenient  extenfion». 
till  it  has  ariived  at  its  ftiU  growth ;  and  we  may  confider  it  as 
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l^cneral  principlci  that  where  two  parts  of  o/ie  bone  are  fcpa- 
aled  from  each  other  by  an  intervening  cartilage,  or  two 
iidlad  bones  merely  by  periofleum,  at  that  part  olTeoas  ma- 
imiah  arc  added  to  incrcafc  their  length  or  extend  their  fuper- 
fioo.  Tins  wc  [liall  find  takes  place,  whether  the  junction 
keeficded  by  comparatively  fmooth  furfaces,  as  between  the 
(bady  of  a  bone  and  its  epipUyfii ;  or  between  the  bones  of 
'ifnb  Ikull  by  jagged  futures.  Hence  it  appears  that  tlie  bones 
of  ibe  body  generally  are  incrcafed  in  length  or  extent,  not  by 
•  Bsifurm  extenHon  of  the  whple  fubflancc,  but  by  an  ad- 
^liino  of  bony  matter  in  fome  particular  part. 

.    Tbos  the  body  of  a  cylindrical  bone  is  lengthened  by  ad-  Cylindrical 
•dition  to  each  end.     This  we  might  conclude  would  be  the  ^o^^ '^iftb* 
.cafe.  froiD  confidering  the  part  in  which  its  oflification  com-  diUons  a/each 
mences:  a^lbii  commences  in  a  middle  point  and  proceeds  endi 
to  each  exc/emily,  it  is  natural  to  fuppofe  that  its  growth  Hill 
Koei  on  in  the  fame  direction,  or  continues  at  the  extremities. 
That  this  is  the  cafe  we  know,  not  by  reafoning  alone,  but 
byadired  experiment.     Mr.  Hunter  funk  two  fmali  pieces  of 
lead  in  the  middle  ol  the  tibia,  or   fliin  bone  of  a  pig,  and 
Mafared  accurately  the  didance  between  then>:  on  examining 
the  animal  fome  time  afterwards,  it  appeared,  that  though  (he 
ixmebad  incrcafed  coniiderably  in  length,  the  pieces  of  lead 
iiiil  remained  at  the  fame  diftance  from  each  other  that  they 
were  before.     From  this  experiment  wc  learn,  that  a  cylin- 
drical bone  U  not  extended  in  its  middle,  but  is  lengthened 
by  addition  to  its  extremities,  where  the  body  of  the  bone  is 
|oined  to  its  epiphyiis;   the  chief  intention  of  (he  epiphyfis 
being  to  allow  the  intervention  r>f  a  vafcular  organ,  which 
Biay  conveniently  depofit  bony  materials,  without  interfering 
with  the  joint  itfelf. 

A%  cylindrical  bones  are  lengthened  at  tiicir  extreme  l^^^^h  jy^^  tj^mt  pro- 
ire  are  led  by  analogy  to  conclude,  thai  the  fame  general  plan  cefs  appean  to 
iiturfued  in  the  exlenfi(»n  of  ihe  tlat  bones  of  the  body  :  and  ^^^s^S?  flat  ^**' 
ahhough  we  have  no  dirc^  experiment  by  which  this  Las  been  bones. 
proved,  there  are  circumftanees  which  leave  little  doubt  but 
they  are  extended  by  addition  to  their  edges.     Tims  to  take 
Ike  parietal  bone  as  an  example ;  as  oflitication  begins  in  a 
central  point  and  extends  towards  the  circumference,  it  is 
probable  that  to  (he  completion  of  the  procefs,  it  continues  to 
goon  in  the  fame  direction;  and  the  fame  circumOnnce  taking 

place 


S46  TB$U   OP   TBI  JUYtXRES. 

phce  in  every  bone  of  (be  erftnium»  it  is  probable  (hat  even 
mfter  (he  whole  of  (he  brain  is  incafed  in  bone,  (he  addition 
i%  flill  made  at  the  edgeof  each«  and  that  the  general  enlarge- 
ment originates  where  they  are  all  mutually  joined  by  the 
futures.  Of  this  procefs  I  had  a  very  (Iriking  illuflration  foro^ 
years  ago.  In  a  young  fubje^^  from  what  caufe  I  know  not, 
the  depofition  of  olfeous  matter  bad  been  fuddenly  increaCed 
a  (hort  time  before  death.  It  was  in  different  Hages  of  pro- 
gref',  but  had  taken  place  in  all  the  bones  of  the  body  which 
Jni^aBce  in  the  I  preferved  ;  in  fome  partially,  in  others  generally.  In  all, 
^"^'  the  new  oiTeouit  matter  was  elevated  above  the  level  of  the 

bone  upon  which  it  was  placed.    In  fome  parts  of  the  pa- 
rietal bones  it  was  only  in  its  commencement,  and  put  on  the 
appearance  of  a  net-work,  iimilar  to  that  which  may  be  ob- 
ferved  in  the  fame  bones  at  an  early  period  of  (heir  formation. 
In  other  parts  the  me(hes  of  the  net-work  were  more  or  lefs 
filled  up ;  in  others  again  completely,  fo  as  to  put  on  the  uni- 
form appearance  of  folid  bone.    The  fame  reticulated  appear- 
ance was  evident  on  the  edges  of  all  the  bones  of  the  ikiillf 
wliere  they  form  (he  futures,  and  at  the  extremities  of  the  cy- 
lindrical bones,  between  the  body  and  epiphyiis.    The  (ame 
appearance  of  increafed  depoittion  was  feen  on  the  fur  face  pf 
the  cylindrical  bonesy  with  this  difference,  that  the  meihes 
^ere  not  circular,  but  oblong  fquares ;  fo  as  to  put  on  more 
of  the  firiated  appearance.     In  fome  parts,  the  newly  fe- 
creted  bone  was  eaiily  feparable  from  (he  general  mafs,  and 
formed  a  thin  layer  externally,  affording  one  of  the  bed  proofs 
I  have  met  with,  of  the  increafe  of  cylindrical  bones  in  thick- 
nefs  by  depofition  externally,  whilfl  a  correfponding  internal 
abforption  goes  on.     From  the  (Iriking  fimilarity  of  appear- 
ance on  the  furfaces  and  edges  of  the  bones,  we  may  fafelj 
conclude,  that  the  &me  procefs  of  depofition  was  going  on  in 
both,  and  may  thence  infer,  that  the  bones  of  the  (kull  are 
increafed  in  extent  bythe  depofition  of  ofieous  matter  at  their 
edges,  or  where  they  are  joined  to  each  other  by  future.     Thtt 
b€t  points  put  to  us,  in  m  great  meafure,  the  real  ufe  of  this 
peculiar  mode  of  jundion* 
In  order  that  the  bones  of  the  fkull  may  be  increafed  in  ex- 
The  ferntea      lent,  it  is  neceffary  that  they  (bould  be  retained  at  a  certain 
c^et^ve  fcf-  diflance  from  each  other;  that  thepcriofteum  with  its  veffels 
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mfty  ^fft  down  betvreen  them,  free  from  compreffion  and 
fecrete  the  ofleoas  matter.  At  the  fame  time,  the  thin  bones 
compoiing  the  upper  part  of  the  (kull,  refting  as  an  arch  upon 
its  baiis,  mud  be  united  together  fo  firmly,  as  not  to  be  fepa- 
rated  by  common  degrees  of  violence.  For  this  purpofe^ 
pfcjedlog  points  from  the  external  furface  of  each  bone,  are 
reciprocally  received  into  correfponding  nilches ;  which  only 
penetrate  through  one  half  of  the  thicknefs  of  the  (kuU,  and 
Corm  an  irregular  kind  of  dovetailing. 

Two  advantages  arife  from  this  flru6ture,  being  ruperficial» 
•od  confined  to  the  external  table  of  the  (kull.  The  projedHpg 
points  from  each  fide,  reding  upon  the  folid  furface  of  the 
internal  table  of  the  oppofite  bone,  can  refill  more  eflfedualiy 
iuiy  violence,  which  might  tend  to  force  the  bones  inwards ; 
and  the  internal  part  of  the  Ikull  prefents,  by  this  means,  a. 
fmooth  furfoce  to  the  coverings  of  the  brain  s  for  internally 
no  appearance  of  a  jagged  future  is  feen. 

From  this  view  of  the  fubjeA  we  fee«  that  the  futures  of  Thas  the  To- 
the  human  (kull,  by  their  peculiar  forcpation,  at  once  unite  ^"^  ^^^  ^he 
the  bones  together,  and  fo  far  feparate  them,  as  to  allow  the  ^^  ^^  wtkvbt 
interpofition  of  a  vafcular  organ  by  which  their  fuperficies  is  organ  reqnifite 
gradoaHy  increafed  to  its  greateft  extent  ♦.    This  explanation  ''"  ^^ «^*^ 

of 

*  Since  this  paper  was  written  in  the  year  1800,  I  have  found, 
that  a  fimitar  opinion  was  publilhed  hy  Profeflbr  Soemmerring  in 
1794,  in  his  valuable  work,  **  Pe  corporis  humani  fabrica.**  To 
him,  therefore,  any  credit  which  may  belong  to  the  primary 
iuggeftion  of  this  ufe  of  the  futures  is  due.  As  his  opinion,  how* 
ever,  has  been  little  noticed  by  anatomifts  generally,  and  is  placed 
in  a  clearer  point  of  view  by  the  fa6ls  which  Aiggefted  this  further 
explanation  of  it  to  roe,  it  has  not  been  thought  improper  to  give 
this  efiay  a  place  in  thefe  Memoirs.  But  whilft  the  reader  will  fee, 
by  the  following  quotation,  the  near  refemblance  between  thd  opi- 
nion of  Profeflbr  Soemmening  and  that  which  I  have  brought  for- 
ward, I  hope  the  chara6ler  of  plagiarift  or  compiler  will  not  be  at- 
tributed to  me. 

"  Ufttshorum  ficfefe  habentium  terminorum  oflacranii  inter  bene 
liquet. 

**  Incrementum  ambitus  calvariae  levant,  ni  enim  inter  ofia  capi- 
tis mox  poft  partum  futurx  interponerentur,  haec  crefcere  non 
pofl*ent,  nifi  alia  ratione  natura  rem  inilttueret.  Tali  igitur 
modo  incrementum  calvarise  cum  incrcmento  reliquorum  oflinm 
(onvenil)  initio  enim  fiituri^,  vcl  potius  lineis  cartilaginofis  ofla 
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of  (be  ofe  bf  fiitu'rea  ccraiprebencis  and  accounts  for  thofe 
cotlCdmftftAt  circufn fiances,  which  were  confidered  by  older 
ahtit6mi(!9  ait  their  real  ufe ;  and,  as  far  as  I  can  fee,  ii  not  con- 
tradi6led  by  any  h6i  conned cd  with  them. 
Oth?r  remarks  If  it  be  afked,  for  tnftance,  why  at  the  futures  there  is  ft 
and  inlereatec.  fircmg^^  tdhefion  of  the  dura  fHatft  internally  and  periofteum 
extemaHy  (bah  in  other  parts  of  (he  fkuli  ?  the  anfwer  i^,  that 
thiife  liierobranes  with  their  veflels  are  continued  into  the 
futures,  to  form  conjointly  the  fetretory  organ,  by  which  the 
bdnes  are  extended. 

:  If  it  be  afked,  why  'there  is  a  greater  vafcularity  or  an 

appearance  of  blood-vefle!^  pafTing  through  ihe  futureK  ?  it  ii 

perfe^ly  cbniiftent  with  this  opinion  to  anfwer,  (hat  the  increafe 

of  blood  gioes  to  this  fecretory  organ,  for  the  purpofe  of  the 

exteniion  of  the  bones. 

Why  the  fu*        '  The  explanation  here  offered  accounts  alfo  for  the  general 

***]^'^*A*'*"     obliteration  of  the  futures  after  a  derlain  period  of  lite ;  for 

•'''''  the  bohes  having  then  arrived  at  their  full  fiae,  the  <^rgan  for 

'  the  fecfetton  of  ofleou*:  m&tler  is  no  longer  needed  j  it  (brinkft^^ 

.aiid  is  abforbed,  and  the  bones  gradually  coalefce  ;  by  which 

a  JfttHher  adrantage  is  derived,  that  of  an  accefTion  of  (Irength 

to  the  cmnium  at  large. 

lit  locis  conglutinantur,  verum  tamen  non  iiiii  in  embrionibus 
a4  fonticulos,  ut  aiunt,  haec  linea  notabili  latitudiuc,  obTervatur. 
Q$bus  .enim  capitis  hie  locoruro  cerebro  crefcente,  placldc  quaii 
dado6(us,  4cartilago  augetui,  latior  evafura,  ni(i  priitina  pars  fimul 
iD.fijjS  mutaretur,  inde  ofTa  calvariae,  eodem  modo,  quo  ofla  longa 
dedu^isrpiphyfibus,  vel  quod  unum  idcmque  e((,  marginibus  cref-, 
<cit|5  liquet,  ctfi  in  oifibus,  longis  futura  epiphyfes  intei-  et  diapby- 
lis  non  crifpetur. 

*\  0^0  iunior  igitur  infans,  eo  minus  crifpa  et  implexa  futura, 
vjti  ut  rediua  loquar,  linea  cartilaginofa  augufta,  ofla  jungens^ 
ohfiervator,  Quum  vero  au^a  state  clTa,  creiente  cerehro,  dedu-». 
cuntur^  coruroque,  craflitudo  ad)>ofita  cum  interns,  turn  externs 
potiflimum  tabolse,  (interns  enim  incrementum  citius  abfolutum 
videtur)  maiTa  oifea,  augetur,  non  poteft  non  effc,  quin  harc  crifpa 
futurs  forma,  quum  quidem  nafci  coepit,  externa  in  fupeiHcictam- 
dio,  augratar*  donee  tandem  ipfa  ea  quam  maxime  impediat,  quo 
mimii  cerebrum  calvariam  ultcriut  deducere  poflit,  quod  pubeitatis 
tempore  acddit.  Rarillime  hxc  oiTificatto  ad  aetatem  virilem  ufque 
dctinctur/"— 8oeramerring  de  coiporis  Humani  Fahrica,  page  212. 
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If  «ny  additional  argument  be  neceiTiry  in  fupport  of  thit 
opinion,  I  may  alfo  notice  the  Hriking  analnpy  which  fubfifts 
between  the  reparation  of  one  bone  of  the  Ikull  Horn  another 
by  a  ftiture ;  and  (hat  feparation  which  exifts  between  the 
body  of  a  cylindrical  bone  and  it*  epiphyfi^.  They  each 
remain  only  for  a  certain  length  of  time;  each  allows  the* 
interpoGtion  of  a  fecretory  orgar  ;  and  both  begin  to  be  ob« 
literated  when  Ihe  bones  with  which  they  areconnef^ed  have 
completed  their  growth,  and  their  continuance  is  no  l^ger 
ncceffary.  ^ 
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XIV. 
On  the  ReprodudioH  of  Buds.  i[y  Thomas  Andrew  Kntght, 


My    DEAR    SiK, 

ILVERY  tree  In  the  ordinary  courfe  of  its  growth  generates,  ^f  ^^e  g«n«- 
in  each  feafon,  thofe  buds  which  expand  in  the  fucceeding  ^-^^^^  1^  j^. 
fpring;  and  the  buds  thus  generated,  contain,  in  many  in  fiances,  ftro)ed,  othen 
the  whole  of  the  Jeaves  which  appear  in  the  following  fummer.  ^^^ 
But. if  thefc  biids  be  dcdroyed  during  the  winter  or  early  pari 
of  the  fpring,  other  buds,  in  many  fpecies  of  trees,  are  gene- 
rated, which  in  every  refpedt  perform  the  ofhce  oF  thofe  which 
previoufly  exifled,  except  that  they  never  afford  fruit  or  blof- 
/bms.     This  rcprodudlion  of  buds  has  not  efcaped  the  notice 
of  naturalifls;  but  it  does  not  appear  to  h»ve  been  aicertaineJ 
by  them  from  which,  amongfl  the   various  fubftances  of  the 
tree,  th'j  buds  derive  their  origin. 

Du  riafnel  conceived  that  reproduced  buds  fprang  from  pre-  ^"  Hjmersopi. 

•I  liii  •/!  c  r     '  I  A-     '^ion  that  tbefe 

organized  germs ;  but  the  exiltence  or  lucii  germs  has  not,  in  i^^  ,^  f^^, 

any  in  fiance,  been  proved,  and  it  is  well  known  that  the  roots,  pre-organUe4 

and  trunk,  and  brandies  of  many  fpicies  of  trees  wiil,  under  8^°*** 

proper   managemenf,  afford   buds  from  every  part  of  their 

farfaces;  and  therefore,  if  this  hypothefis  be  well  founded,  ^^j^^i""* 

many  millions  of  fuch  germs  mud  be  annually  generated  in 

every  latere  tree;  not  one  of  which  in  the  ordinary  courfe  of 

A9turc  will  come  into  a6tion :  and  as  nature,  amidfl  all  its  exu- 

*  Phil.  Tranf.  1805i 

berance. 
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bennce,  doeji  not  abound  in  ofelefs  produ^ions,  the  opinlMs 
of  Ibis  illuftrioui  phyilologitl  are,  in  this  cafe,  probably  erro« 
oeooit. 
Sappofition  that     Oiber  naturalifts  have  fuppofed  the  bud^,  when  reproduced, 
Jj'^y^f*^"^  to  fpring  from  the  plexus  of  veflets  which  conftitutes  the  in* 
temal  bark  ;  and  this  opinion  is,  I  believe,  much  entertained 
by  modern  botani(l<i :  it  neverthelefs  appears  to  be  unfounded^ 
as  the  fads  £  lliail  proceed  to  (late  will  evince. 
Inftaoce  to  the       ^^  'be  frui(*(lalks  of  the  fea  cale  (crambe  maritima)  be  cut 
contrary  in  fea  off  near  the  ground  in  the  fpring,  the  medullary  fubftance, 
^^^  within  that  part  of  the  (lalk  which  remains  attached  to  the 

root,  decays ;  and  a  cup  is  thus  formed  in  which  water  colters 
in  the  fucceeding  winter.     The  fides  of  this  cup  confift  of  a 
Woody  fubftance,  which  in  its  texture  and  office,  and  mode  of 
generation,  agrees  pcrfedlly  with  the  alburnum  of  trees;  and 
I  conceive  it  to  be  as  perfed  alburnum,  as  the  white  wood  of 
the  oak  or  elm :  and  from  the  interior  part  of  this  AibRance, 
within  the  cup,  I  have  frequently  obferved  new  buds.lo  be 
generated  in  the  cnfuing  fpring.     It  is  fufficiently  obvious  that 
the  buds  in  this  cafe  do  not  fpring  from  the  bark ;  but  it  is  not 
equally  evident  that  they  might  not  have  fprung  from  feme 
remains  of  the  medulla. 
Potatoes  afford        ^^  ^^^^  autumn  of  1802,  I  difcovered  that  the  potatoe  pof- 
hudsatthccut    feffed  a  fimilar  power  of  reproducing  its  buds.     Some  plants 
^      *  of  this  fpecicshad  been  fet,  rather  late  in  the  preceding  fpring, 

in  very  dry  ground,  where,  through  want  of  moidure,  they 
vegetated  very  feebly  ;  and  the  portions  of  the  old  roots  re- 
mained found  and  entire  till  the  fucceeding  autumn.  Being 
then  moiflened  by  rain,  many  fmall  tubers  were  generated  on 
the  fur  faces  made  by  the  knife  in  dividing  the  roots  into  cut- 
tings ;  and  the  bqds  of  thefe,  in  many  inflance^,  elongated 
into  runners,  which  gave  exigence  to  other  tubers,  fome  of 
whieh  I  had  the  pleafure  to  fend  to  you. 
— ood  therefbc«  I  bave  in  a  former  paper  remarked,  that  the  potatoe  confifls 
not  trGm  the  of  four  diftinft  fubflances,  the  epidermis,  the  true  (kin,  the 
bark^  and  its  internal  fubflance,  which,  from  its  mode  of  forma- 
tion, and  fubfecjuent  office,  J  have  fuppofed  to  be  alburnous: 
tliere  is  alfo  in  the  young  tubes  a  tranfparent  line  through  the 
centre,  which  is  probably  its  medulla.  The  buds  and  runners 
fprang  from  the  fubflance  which  I  conceive  to  be  the  alburnum 
of  the  root^  and  neitUef  from  the  central  part  of  it,  nor  from 

the 
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the  brface  in  oootad  with  (he  bark.     It  mu(l«  however,  be 

•dailted.  thai  the  internal  fubflandb  of  the  potatoe  correfpondi 

Bore  DearJy  with  our  ideas  of  a  medullary  than  of  an  albur- 

umi (obAance,  and  therefore  this,  with  the  preceding  fods«  is 

aMoced  to  prove  only  that  the  reproduced  buds   of  thefe 

fhaliare  not  generated  by  the  cortical  fubflance  of  the  root: 

nd  I  (hall  proceed  to  relate  fome  experiments  on  the  apple, 

and  pear,  and  plumb-tree,  which  I  conceive  to  prove  that  the 

Kpfoduced  buds  of  ihofe  plants  do  not  fpring  from  tlie  me- 

dilfa.. 

Having  raifed  from  feeds  a  very  conHderable  number  of  Other  inftance 
pluu  of  each  of  thefe  fpecies  in  1802.  1  partly  difengaged  ^h^^^.'p'^ 
them  from  the  foil  in  the  autumn,  by  digging  round  each  ced  bods  ap* 
pbnl.  which  was  then  raifed  about  two  inches  above  its  former  ^^^^^^1 
kfcL    A  part  of  the  mould  was  then  removed,  and  the  plants  mun. 
were  cot  off  about  an  inch  below  the  points  where  the  feed* 
leaves  fermerly  grew ;  and  a  portion  oi  the  root,  about  an  inch 
ioi^  without  any  bud  upon  it,  remained  expofed  to  the  air 
aadifgbt    In  the  beginning  of  April,  I  obferved  many  fmalt 
efevaled  points  on  the  bark  of  thefe  rools,  and^  removing  the 
vMe  of  the  cortical  fubAance,  I  found  that  the  elevations 
were  occaiioned  by  froall  protuberances  on  the  furface  of  the 
slbuDDm.     As  the  fpring  advanced,  many  minute  red  points 
tppored  lo  perforate  the  bark :  thefe  foon  aflumed  the  cha- 
rafier  of  buds,  and  produced  (hoots,  in  every  refpefl  iimilar 
tp  tbofe  which  would  have  fprung  from  the  organized  buds  of 
tbepreceding  year.   Whether  the  buds  thus  reproduced  derived 
My  portion  of  their  component  parts  from  the  bark  or  not,  I 
(M  not  venture  to  decide ;  but  I  am  much  difpofed  to  believe 
Ihil,  like  ihofe  of  the  potatoe,  they  fprang  from  the  albumoui 
fobfiance  foleJy. 

The  fpace,  however,  in  the  annual  root,  between  the  medulla  They  do  aot 

and  the  bark  is  very  fmall ;  and  therefore  it  may  be  contended  ^^'^J^' 

tiai  the  buds  in  thefe  indances  may  have  originated  from  the 

medulla.     I  tlierefore  thought  it  neceilary  to  repeat  fimilar 

exprrimenis  on   the  roots  and  trunks  of  old   trees,  and  by 

Ibete  the  buds  were  reproduced  precifely  in  the  fume  manner 

as  tlio  annual  roots :  and  therefore,  conceiving  myfelf  to  have 

prove«l  in  a  fonner  Memoir,*  tliat  the  fubfiance  which  has 

^  Phil.  TranCof  1803. 

been 
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beieo  called  the  inedollary  procefs  does  not  originate  from  ilie 
medtillsx  I  mud  conclude  tHal  reproduced  buds  do  not  fpring 
from  that  fubflance. 
Remarks  on  the  I  have  remarked^  in  a  paper  which  you  did  me  the  honour 
^•^"*^^^*^^  to  lay  before  the  Royal  Society  in  the  commencement  of  the 
nature  ii  proba^  prefent  year,  that  the  aiburnous  tubes  at  their  termination 
Wycffeded.  ypwarda  invariably  join  the  central  veflliln,  and  that  thefe 
▼eflek,  w.hich  appear  to  derive  their  origin  from  the  alburnous 
fubes,  convey  nutriment,  and  probably  give  exiilifDce  to  new 
buds  and  leaves.  It  is  aifo  evident,  from  the  facility  with 
which  the  rifing  fap  is  transCerred  from  one  (ide  of  a  wounded 
tree  to  ttie  other,  that  the  alburnous  tubes  poOefs  lateral  as 
weil-ai  terminal  orifices :  and  it  does  not  appear  improbable 
that  the  lateral  as  weli  as  the  terminal  orifices  of  the  alburnous 
tubes  may  poffefs  the  power  to  generate  central  velTeU; 
wbicii  velfels  evidently  feed,  if  they  do  not  give  exigence  to, 
the  reproduced  buds  and  leaves.  And  therefore,  as  the  pre- 
ceding experiments  appear  to  prove  that  the  buds  ncJlher 
fpring  from  the  medulla  nor  the  bark,  I  am  much  inclined  to 
believe  that  they  are  generated  by  central  velfels  which  fpring 
firom  the  lateral  orifices  of  the  alburnous  tubes.  The  pradica- 
bility  of  propagating  fome  plants  from  their  leaves  may  feem 
ta  fiacd  in  oppofition  to  this  hypothecs ;  but  the  central  veffel 
h  always  a  component  part  of  the  leaf,  and  from  it  the  bud 
and  young  plant  probably  originate* 
Attempt  to  dif-       i  expedled  todifcover  in  feeds  a  fimilar  power  to  regenerate 

cover  the  fame     their  buds ;  for  the  cotyledons  of  thefe,  though  diffiinilar  in 
pawer  m  feeds.  ,       .  -^  . 

brganization,  execute  the  office  of  the  alburnum,  and  contain  a 

fimilar  refervoir  of  nutriment,  and  at  once  fupply  the  pince  of 
the  alburnum  and  the  leaf.  Bui  no  experiment«!,  which  I  have 
yet  been  able  to  make,  have  been  decifive,  owing  to  the  diffi- 
culty of  afcertaining  the  number  of  buds  previoiifly  exirting 
within  the  feed.  Few,  if  any,  feeds,  I  have  reafon  to  believe, 
contain  lefs  than  three  bud<,  one  only  of  which,  except  in 
tntct  of  accident,  germinates;  and  fome  feeds  appear  to  con-< 
lain  a  mach  greater  number.  The  feed  of  the  peach  appears 
to  be  provided  with  ten  or  twelve  leaves,  each  of  which  pro- 
bably covers  the  rudiment  of  a  bud,  and  the  feeds,  like  the 
buds  of  the  horfe-chcHnut,  contain  all  the  leaves  and  apparently 
all  the  buds  of  the  fucceeding  year :  and  I  hare  never  been 
able  to  fatisfy  myfelf  that  all  the  buds  were  eradicated  without 

having 
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hivtnj5  dcflroyc<l  I)k*  bale  of  Ihc  plumule,  in  which  the  powei* 
ot  reproducing  bmU  pri)bah?y  refide!»,  if  fuch  power  exift^. 

Nature  appears  to  have  denied  lo  annual  and  biennial  plants  Annual  a 
(at  leafl  (o  Ihofe  which  have  been  the  fubjefis  of  my  experi-  l^'^fj^l 
vents)  the  power  which  it  ha*  given  lo  perennial  plants  lo  power. 
rcprodiice  Iheir  buds ;  but  ncverthelefs  fome  bienniaU  pofTefiiy 
under  peculiar  circumflance.%  a  very  lingular  refource,  when 
ill  their  buds  have  been  deftroyed.     A  turnip,  bred  between 
ibeEngliQ]  and  Swedifh  variety,  from  which  I  had  cut  off  the 
greater  part  of  its  fruit-ftalks,  and  of  which  all  the  budx  had 
beendcdrn^ed,  remained  fome  weekii  in  an  apparently  dor- 
mant ftate;  after  whicli  the  fird  feed  in  each  pod  germinated, 
and  borliing  Uie  feed-vcMfel,  feenicd  to  execute  the  office  of  a 
budandleai'e^  to  the  parent  planlj  during  (he  fliort  remaining 
term  of  its  oxifience,  when  it!i  preternatual  foliage  periflied 
wiih  it.    Whether  this  property  be  polFenfed  by  other  biennial 
pianlf  in  common  with  the  turnip,  or  not,  I  am  not  at  prefent 
inpofTcffion  of  fafis  to  decide^  not  having  made  precifely  the 
f^mr experiment  on  any  other  plant. 

I  will  take  this  opportunity  to  correal  an  inference  that  I  Corre^ilo 
hiw  rfrawn  in  a  former  paper,*  which  the  facls  (though  quite  ^''""^^  *" 
corredly  dated)  do  not,  on  fubfequent  repetition  i>f  the  ex- 
penmenr,  appear  to  juflify*    I  have  ilated,  that  when  a  per- 
pendicular (hoot  of  the  vine  was  inverted  to  a  depending  po* 
iition,  and  a  portion  of  its  bark  l>etween  two  circular  incilionn 
ruuod  ijie  ftem  removed,  mudi  more  new  wood  was  generated 
flQ  the  lower  lip  of  the  wound  become  uppermoft  by  (he 
/nrerted  pofitionof  (he  branchy  than  on  theoppofite  lip,  which 
would  not  have  happened  had  the  branch  continued  to  gro^v 
ered;  and  I  have  inferred  that  this  effedl  was  produced  by  iiap 
irhich  had  defcended  by  gravitation  from  the  leaves  above. 
But  the  branch  was,  as  I  have  there  flated,  employed  a^  a 
hyer,  and  the  matter  wiiich  would  have  accumulated  on  the  ' 

oppofite  lip  of  the  \vound  had  been  employed  in  the  formation 
of  roots,  a  circum dance  which  at  (hat  time  t- fcaped  my  atten* 
tion.  The  effccli  of  gravitation  on  the  motion  of  the  diilcending 
fap,  and  confequcnt  growth  of  plants,  are,  I  am  well  fatisficd^ 
from  a  great  vaiiety  f'f  experiments,  very  great ;  but  it  will 
be  very  difficult  to  difiover  any  method  by  which  the  extent 

•  Phil.Tranr.of  1SQ3. 
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of  \t%  Operation  can  be  accarateiy  afcerlained.  For  (he  veflels 
which  convey  and  impel  *  the  true  fap*  or  fluid  from  which 
the  new  wood  appears  to  be  generated,  pafs  immediately  from 
the  leaf*(lalk  towards  (he  root ;  and  though  the  motion  of  this 
fluid  may  be  impeded  by  gravitation,  and  it  be  even  again 
retamed  into  (he  leaf,  no  portion  of  i(»  unlefn  it  had  been  ex- 
trava&ted,  could  have  defcended  to  the  part  from  which  the 
bark  was  tal(^n  off  in  the  experiment  I  have  defcribed.  I  am 
not  fallible  that  in  the  different  papers  which  I  have  had  the 
honour  to  addrefs  to  you,  I  have  drawn  any  other  inference 
wbfcb  the  fisdi,  on  repetition  of  the  experiments,  do  not  ap- 
pear capable  of  fupporting. 

I  am,  &:c. 

TH(y».  ANDREW  KNIGHT. 
Eliorif  May  12,  180^. 


XV. 

lentson  the  Gafious  Oxide  qf  Azote ^  hya  Society  of  JmO" 
Uunat  Touloufi.  FubUJked  by  M,  P.  Dispan,  PrqfeJJbrqf 
Chemifiry  in  the  CoU&ge  of  that  CityJ^ 

IKIasreemeat  of  ^  H£l  molivc  tor  the  following  experiments  was  (lie  very 

AmKr  upcti-    diflfinent,  and  even  contradidory  refulls,  which  have  been 

oxide  qC  Mocie.    pobUflied  of  former   eflefts.      The  exporimenls  were    iried 

upon  more  than  a  dozen  perfons,  and  in  fome  cafen  repeated 

two  or  three  times;  the  fenfations  which  each  experienced 

were  written  down  at  the  moment,  by  the  reporter,    from 

whofe  memorandums  the  fubfequent  obfervations  are  drawn. 

Prep«mionof        The  nitrate  of  ammonia  ufed  for  tho  experiment  was  indif- 

the  xAxtt$t  of      tindly  cryfialliaedf  but  was  quite  neutral.     lis  tafle  was  very 

pungent,  with  a  flight  odour.     It  had  been  formed  by  the  fa- 

tMrating  very  pure  nitric  acid  with  ammoniacal  gas  obtained  by 

diflHling  lal  ammoniac  with  the  common  potafh  of  commerce. 

Fipceft  fat  ob.       Aboot  one  hedogramme  {\b^5  grains)  of  this  fait  was  put 

ttioing  iKe  gt«    {p|p  afmall  retort,  and  placed  on  a  fand-balh,  where  the  fait 

feoot  oxvU  ot 

atocc* 

•  Phil.  Tranf.  of  1804. 
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neHed  and  boiled  for  a  (hort  time  without  yielding  any  ga^ ; 

atleoglh^  ihe  retort  became  filled  with  a  white  vapour,  which 

qak^ly  diCappeared ;  the  gas  was  then  rapidly  difengaged, 

and  was  caught  in  bladders.     By  degrees  the  difengagement 

becune  more  and  mure  (low,  and  when  the  operation  was 

tided,  ficarcely  any  thing  remained  in  the  retort. 

Another  experiment  was  made  with  a  larger  retort,  and '^^  ^■»"*  P'' 

'  celt  on  a  kut 

three  hedogrammes  (10  oz.  troy)  of  the  fait,  from  which  was  f^^^ 

obltined  gas  fofficient  to  fill  eigiit  bladders.     This  operalioo 

proceeded  in  a  fimilar  manner  with  the  former;  except  that 

tt  the  retort  cooled^  a  red  vapour  arofe  within  it,  which  it  was 

I     afcertained  by  experiment^  contained  no  nitrous  gas. 

[     Eji&t  qf  Gafious  Oxide  qf  Azote  Mihcn  breathed  into  the  Lungs. 

\  AU  who  have  tailed  or  inhaled  this  gas,  agree  in  defcribing  The  gas  has 
its  flavour  as  ftrongly  faccharine,  and  remaining  upon  the  or-^^^^  ^ 
pDvof  &me  perfons  during  the  whole  day  after  receiving  it. 
M.  Difpan  obferved  in  it  an  after-laHc  of  nitre;  but  acknow* 
ledges  that  it  was  the  lad  colleded  gas  which  he  tafted. — 
M.  de  M  *  *  *,  perhaps  under  a  fimilar  impreffioo,  fays  he 
perceired  in  it  a  (typtic  quality. 

The  method  of  rcfpiring  this  gas  was  by  means  of  a  blad*  The  gai  was 
deririlh  a  flop^cock  in  it,  applied  to  the  mouth;  the  nofiriU ^     ' 
being clofedi  and  ihe  lungs  as  much  as  poflible  emptied. 

No.  U  The  firfl  per fon  upon  whom  the  experiment  was 
tried,  fwooned  at  the  third  intpiration,  and  remained  (enfelefs 
about  6ve  minutes,  when  he  recovered,  but  with  a  fenfalion 
of  great  fatigue.  iIerecollc6led  to  have  experienced  only  a 
^ddeo  Untncfs,  attended  with  a  tingling  at  the  temples. 

Xa  2.     M.  de  M  *  *  *  obferved  a  faccharine  and  Hyptic 
Ufie,  and  experienced  a  fenfe  of  great  diUtalion,  accompanied 
vith  heat  in  the  bread ;  his  veins  fwelled,  and  his  pulfe  was 
(pickened  :  furrounding  objects  fecmed  to  revolve  round  him. 
Bat  he  thought  he  could  have  borne  a  flrongur  doi'e ;  the  blad- 
der not  being  large  enough  for  his  Jungs. 

No.  3  experienced  a  faccharine  tafte  on  tlic  /irfi  infpiration ; 
bat  became  infenfible  to  thofe  which  fucccedt-d.  His  lungs 
were  forcibly  dilated  with  great  heat.  VV'i^en  i  he  bladder  was 
removed,  he  appeared  very  comfuriable,  but  cuuld  not  refrain 
fron^  violent  burds  of  involaDlarv  laughter. 

No. 
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No.  4  had  the  fame  farrharine  tafte  with  the  preceding , 
fend  retained  the  impreifion  from  ten  o'clock  in  the  morning 
till  after  midnight.  He  experienced  vertigoei,  and  his  legs 
trembled  under  him  during  the  remainder  of  the  day. 

No.  5.  the  fame  faccharine  taRe.  On  qaitting  the  bladder, 
he  had  a  dizzinefs  of  fight,  which  was  fiircecdcd  bj  a  fenfa'- 
tion  of  great  pleafure  throughout  the  body.  His  iegr  were 
weaicemsd. 

No.  6.  Saccharine  flavour  throughout  the  day  ;  tingling  irt 
the  ears  ;  legs  tottering,  and  the  ftomach  opprefled.  ATI  that 
he  experienced  was  rather  painful'than  agreeable. 
Receivinz  the  '"  order  to  afccrtain  what  influence  the  mode  of  breathing 
gat  from  a  blad-  from  a  bladder  might  have  on  the  foregoing  refults,  the  parties 
?'*  ce  oo^he*  ^^'"^  fcquefted  to  infpire  common  air  in  the  fame  manner. — 
refult  of  the  ex-  They  were  all  mechanically  fatigued  by  it,  and  nothing  more, 
periment.  -piie  bladders  were  next  filled  with  oxygen  gas,  and  applied 

fered  from  com- ai  before  (o  the  fame  perfons,  who  found  only  a  flight  diflfer- 
mon  air  only  by  ^^  between  it  and  common  air,  confi fling  in  an  augmentation 
4)f  the  heat  of     ®^  ^^^  ^cat  of  the  lung*!, 
the  lunfi.  Xhe  lingular  eflefts  above  defcrlbed,  can,  therefoie,  9J\4 

ought  only  to  be  afcrlbed  to  the  gafeons  oxide  of  azote. 
Other  ezpcri-     "    Another  meeting  of  the  fociety  was  held  for  repeating  tlie 
«n«ntj«  experiments  more  at  large,  on  the  refpiration  of  gafeous  oxidfe 

of  azote. 
-.  ,  .   .       .-         Eight  he6!ngrammes  (27 {  oz.  trov)  of  nitrate  of  "ammonia, 
the  apparatus      prepared  as  before,  were  put  into  a  retort,  with  its  neck  fltted 

with  upwards  of  .j^  ^  double-lv)died  receiver,   from  whence,  by  means  of  a 
2lbs.  ot  the  (ale.  .  -^ 

tube  of  welter,  the  gas  paffed  into  an  inverted  ve(Te!  ovclr 

water.     The  retort  was  placed  on  a  fand-bath. 
Particular! of         As foon  as  the  heat  alFe^ed  the  retort,  the  fult  melted;  and 
tbe  procefi,        nearly  at  the  lame  mfoment,  fparkling  vapours  arofe  in  the  re- 
tort, but  in  very  fmall  quantity.     The  air  which  the  heat  cy- 
peiled  from  the  veifcls  had  a  nitrous  odour ;  but  (Iris  as  well  as 
the  vapours  gradually  diminiflied,  and  as  the  procefs  contirrued 
they  difappeared  altogether ;  they  were  fuceecded  by  a  lively 
fmell  of  pruflic  acid.     At  length  the  retort  became  filled' with 
white  vapours,  and  (he  gafeous  oxide  of  azote  began  to  pafs 
over.     The  difengagement  toon  became  fo  abundant  that  it 
•was  judgetf  proper  to  draw  out  the  fire;  but  afterwards,  o* 
jeptacing  thccoab,  tlve  gas,  which  in  the  interval    had  dimi- 

niflied. 
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hiAied*  wu  p^n  (b  rspidljf  developed  that  tiie  luling  of  (he 
veifeU  bewail  lo  give  way«  Au(  nolwilhAaoding  the  lofs  which 
this  ocoafionedy  the  difengagement  continued  oKtremely  rapid 
in  the  receiver  fur  at  lead  a  quarter  of  an  hour. 

M.  Difpaa  ruppofes.  that  if  the  luting  had  not  given  way.  Danger  of  ex* 
an  explefion  iwould  have  taken  place,  as  has  happened  toP^^^* 
odiers  in  this  procefs. 

He  next  proceeds  to  (late  the  effe^s  of  the  refpiration  of 
this  gas. 

Twelve  perfoas  underwent  the  experiment,  and  on  many  The  effect  fip* 
it  was  repeated.     He  obfervet  thai  mod  of  them  had  inhaled  ^"""^^  ^r  ^^^^^ 
the  gas  of  theiormer  operaUon,  where  two  out  of  leven  ex*  powerful  thu 
perienced  pleafing  fen(i»tioDs;  but  pn  thisfecond  occafion,  not  the  former* 
one  felt  pleafurei  oa  the  coptrary*  they  all  £ik  pain,  and 
many  fuffered  extrespely. 

Qne  perfiM  fiamped  with  his  foot  the  whole  time  of  the 
breathing:  when  the  bhdder  was  removed,  he  recovered 
froiD  the  profiHind  Aupor  into  which  he  had  been  plunged,  aiid 
complained  of  a  pain  in  the  back  part  of  his  head,  as  it  he 
had  received  a  violent  blow  from  a  dagger :  he  could  not  be 
prevailed  on  to  make  another  trbl.  The  other  perfons  in  ge. 
neral  were  aflfe^ed  with  vertigoes  and  dizzinefs  of  fight,  fuc- 
ceeded  in  forae  by  involuntary  convulfive  fits  of  laughter. 

M.  pifpan  tried  the  effeds  of  this  gas  on  bimfelf^  which  he  m.  Difpan*!  de« 
iKas  defcribes  2—  fcription  of  the 

"  At  the  firft  infpiratioDy  I  emptied  the  bladder,  and  my  ^  „-^  ^ig^. 
mouth  was  inftantancoufly  filled  with  a  faccharine  flavour,  felf. 
which  extejided  into  my  lungs  and  inflated  them.  I  emptied 
and  filled  them  again ;  but  on  the  third  attempt,  my  ears  were 
filled  with  a  tingling  noife,  and  I  dropped  tl^e  bladder.  I  did 
not,  however,  become  aliogeiber  mfenfible,  but  remained  in 
a  kind  of  benumbed  aftoi^iihment,  rolling  my  eyes  about  with, 
oat  fixing  them  on  any  particular  objed :  I  was  then  fuddenly 
fmxcd  with  convulfiye  laughing  fits,  fuch  as  I  never  in  my  life 
beibre  experienced.  In  a  few  fecondu  this  propenfity  to  laugh 
flopped  fuddenlyt  and  I  no  longer  felt  any  unpleafaot  fymp- 
torn.*' 

Twootlierson  whom  the  gas  was  tried,  experienced  only  a  zffi&t  on  two 
convoUive  movement  of  fome  of  the  mufcles  of  the  face ;  but  »^«'  perf9as. 
fvere  in  the  courfe  of  the  day  attacked  with  violent  diarrhcea. 

Vot.Xni.— April,  1806.  Cc  M.  Difpan 
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dwnges  •  Iht  ftppeantncet  of  oi^hieed  bodict .  Tbe  fa&t 
-however,  is  deciftve,  at  to  the  princifwl  qaeflion.  It  hat 
fiimrtioned  (he  difcordant  opinions  of  philofophers  before  a  tr»- 
bonal,  from  which  there  is  no  appeal. 

fFilUamJburgh,  O&ober  6th,  1805. 


Fads  by  Mr. 

Neril  oo  long 
preferved  vege< 
cable  bodies. 


His  narrative* 


Nou  on  the  preceding  Paper.    By  ike  Editorm 

Mr.  Francis  Nevil*  in  his  account  of  the  elephantine  teeth 
that  were  difcovered  in  the  north  of  Irelandt  early  in  the 
eighteenth  century^  has  mentioned  fome  fa£U  relative  to  the 
)ong  prefervation  of  vegetable  matters,  which  feem  worthy 
of  our  notice  in  this  place :  and  the  more  fo,  as '  this  gentle 
man's  paper  feems  not  to  have  excited  any  attention  among 
Ibe  modern  writers  on  tlie  exuviae  of  animals  found  in  coun« 
tries  hi  which  the  living  animals  themfelves  are  no  longer 
feen.  Some  extravagant  conjeAures  are  mixed  with  Mr* 
Nevil's  account :  but  thefe  do  riot,  in  the  leaft,  invalidate  the 
truth  of  what  be  fays,  relative  to  tbe  bed  upon  which  the 
Irifh  elephant  was  laid. 

"The  place  (fays  he]  where  (his  monfter  layy  was  thus 
prepared,  which  makes  me  believe  it  had  been  buried*  or  that 
it  had  Iain  there  Gnce  (he  deluge.  It  was  about  four  feet  un* 
der  ground,  wilh  a  little  rifing  above  the  fuperficies  of  the 
earth,  which  was  a  plain  under  the  foot  of  a  hill,  and  about 
thirty  yards  from  the  brook  *  or  (hereabout.  The  bed  whereoD 
it  lay  had  been  laid  with  fern,  with  that  fort  of  rufhes  here 
called  fpritSf  and  with  bufties  intermixed.  Under  this  was  li 
H'lff  blue  clay  on  which  the  teeth  and  bones  were  found : 
above  this  was  firfi  a  mixture  of  yellow  clay  and  fand  much  of 
the  fame  colopr;  under  that  a  fine  white  fandy  clay,  which 
was  next  to  the  bed:  tbe  bed  was  for  the  moft  part  a  fool 
thick,  and  in  fome  places  thicker,  with  a  moifture  clear 
through  it ;  it  lay  bd  and  dole,  and  cut  much  like  turf,  and 
would  divide  into  flakex,  thicker  or  thinner  as  you  would ; 
and  in  every  layer  the  feed  of  the  rulhcs  was  as  frefh  as  if 
hew  pulled,  fo  that  it  was  in  the  height  of  feed-time  that  thofe 
bones  were  laid  there.     The  branches  of  the  fern,  in  every 

''  *  «»*A  (mall  brook  that  parts  the  counties  of  Civan  and  Mo- 

tisg^n^** 

9  r     .'  lay 
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ky«i  w«  opened  Iheoit  were  very  diAingaifliabIe»  as  were 
Ike  feeds  of  Uie  mfhes  end  the  tops  oH  the  boughs.  The  whole 
matter  fmdt  very  four  as  it  was  dug,  and  tracing  it  I  found  it 
94  leet  long  and  about  dO  or  22  feel  broad/' — *'  I  forgot  to 
iMDiion  that  there  was  a  great  asany  nMt«(heIU  found  aboul 
Hie  bed*  perhaps  tbofe  might  have  been  on  the  bulhes  which 
eompofed  part  of  the  bed  ^.'*. 


■*-♦ 


XVII. 

OhJkrMiont  on  tic  Danger  qf  ufing  Eariha%^vfare  or  PoUay  qf 
a  had  §iiudikf.    By  M.  PoiDiviN  t^  Routn\. 

I^URE  white  argil  forms  the  body  of  the  fineft  pottery  Piffu'cnt  kiodi 
which  bears  the  name  of  porcelain ;  clays  lefs  pure,  and     P^^^'^' 
coloured  more  or  lefs  with  iron,  ferve  to  form  the  (lone  ware, 
or  bard  earthen-ware,  and  the  common  or  foft  fort,  which 
differs  from  the  other,  in  not  experiencing  a  commencement  of 
fufioo  at  their  furface  in  baking,  like  porcelain  or  ftone  ware. 
This  badly  prepared  common  earthen-ware  is  the  kind 
which  is  occaiionally  attended  with  danger  in  its  ufoi  and  is 
the  fubjed  of  this  paper, 

Earthen'V:aTe. 
^,_  ComtooQ  brswii 

Thebifcuit  of  brown  earthen- ware  is  prepared  from  a  ferru-  ware. 

I^inous  clay;  that  of  white  earthen- ware  is  eompofed  of  a  mix- 
ture of  ferruginous  clay,  of  another  clay  containing  much 
filicious  fand,  a  little  lime,  and  finally  of  a  porous  clay,  which 
renders  it  lefs  compad,  and  gives  it  whitenefs  after  baking. 

Nature  not  always  aflbrding  thefe  earths  in  the  fame  ftate  ^jf***^ '* 
of  combination,  occafions  didfcrcnccs  in  the  bifcuit,  when  it  the  quality 
becomes  fubjedied  to  the  heat :  other  differences  alfo  arife  in  dK  nsfinia 
the  adion  of  the  enamel  on  the  bifcuit.     If  the  earth  be  too 
ferruginous,  or  too  much  mixed  with  fllicious  particles,  the 
enamel,  during  the  baking,  ads  as  a  flux  on  the  bifcuit,  foflens 
it,  and  occafions  the  pieces  to  lofe  their  (bape. 

If  the  earth  is  too  porous  it  abforbs  the  enamel  and  remains 

*  A  Natanil  Hiflory  of  Ireland,  in  three  parts,  by  Dr.  Gcrrard 

Boate,  Thomas  Molinevx,  M.,D.  F^  R.  S.  and  others.    Pages  ISt 

-*I30.  Dvbltn:  1755. 

t  Annates  de  Chemic,  T.  55. 

rough. 
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roojgh,  and  as  it  were  dricil. "  If  It  contains'too  moch'lime,  ii 
throws  ofT  the  etiamc?,  whicfi  h\h  from  it  ifi  fcales  inftead  ef 
adhenrlg  (d  it. 

^JT.^^^T'  ^       ^  ^'^'^  *^^'*®''  ^**^'  ^'^^  **''^^**  elftatoel  is  compofcd  of  filicioos 

gbse.  ''"^«  ^  ''^^'<^  l^i^^f  1^>^  and  fin  ojcldtfs,  and  fonte  fbt,  groand 

together  with  water  in  mrlh.    Hw  brown  fort  is  compofcd  o# 

the  fame  materials,   with  the  addition  bf'   manganefe  Bud 

pengord  ftone*. 

Caufei  which         I'he  greater  or  lefs  fufibility  of  the  (iind  ;  the  greater  or 

oGcafion  wii.  fefs  purity  of  the  lead,  of  the  tio«  jmd  of  the  faline  fubdances 

ti<Nu  in  the  1       J 

flue.  employed  as  flaxes ;  the  different  degrees  of  heat  which  the 

mixtdre  receives  in  the  glazing;  the  variations  of  the  finenelk 
given  to  the  glazing  materials  by  ihJe  adlion  of  the  mill,  arc  fo 
,  many  circumHances  which  caufe  changes  in  the  enamel  in  its 
fiate  of  fufion  on  the  pieces,  relative  to  the  fiate  in  which  it 
finds'  the  bifcuit  and  to  the  fufible  Jayer,  with  which  this  laft 
is  covered. 

ToUtry. 

Brwwn  pottery.  1* he  body  of  the  brown  pottery  Is  a  red  clay,  more  or  lefs 
ftrraginous  and  compadt  according  to  the  places  where  it  is 
procured. 

Yellow  pottery.  The  common  or  yellow  pottery  is  made  of  a  white  clay» 
which  contains  a  lit  tie  lime  and  magneOay  and  a  coniiderable 
quantity  of  filicious  fanJ,  which  may  be  generally  efieemed 
a  fourth  of  the  mafs. 

Glaxe  for  brown      The  glazing  of  the  brown  pottery  i^  formed  with  a  mixture 

ware.  gf  filicious  fand,  yellow  or  red  oxide  of  lead,  and  manganefe 

pulverifed  together. 

^.      -  That  of  the  yellow  earthen- ware  is  compofod  of  a  mixture 

y^bwwve.       of  (iliclous   fand,  and  red   uxiJe  of   lead,  which,  during  its 

u..^     *  *-  baking  vitrifies  at  its  rgiface,  and  forms  a  yellow  glazing  more 

_*■' \    .   or  lefs  Iranfparent.     To  ihis  mixture  is  commonly  added,  in 

in  foitign  ware.  France,  a  little  oxide  of  magnanefe  in  powder,  more  or  lefs 
line,  without  grinding  ihem  together.  This  is  called  the^f  a/;?, 
becaufe  it  fufes  more  difficultly  than  the  other  materials,  without 
mixing  with  them,  and  by  that  means  forms  fireaks,  fpots, 
or  brown  fpecks,  according  to  the  coarfenefs  of  the  powder 
itfelf. 

f^V^Jy  J*'*8"  j,|  fome  4Danufa6lories  they  mix  oxide  of  copper  with  the 
^mroon  glazing,  to  give  it  a  green  colour,  and  in  others  they 
form  dtfigns  on  the  pieces,  with  oxide  of  copper,  which  pro- 

*  A  black  ftone  or  coropn^  manganefe.  T. 

duces 
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ocova  green,  with  oxide  of  iron,  which  caufes  a  red,  or  wltb 
;  oudcofmaaganefe,  which  gives  a  brown. 

'  Great  imperfedious  are  prodaced  in  pottery,  from  the  in.  p^j^aioa*^* 
r  ^ificiQiis  lale  of  glazing  over  earlhii  of  an  unfuilable  nature,  pottery. 
fid  this  it  more  remarkable  when  the  earths  are  not  fo  well 
pipred  for  their  glazings  a»  ihc)'  are  for  thofe  of  tl)e  finer 
invcs.  The  aiticles  of  cummon  pottery  are  lefs  carefully  pre- 
^red  both  in  their  materials  and  baking.  This  lad  is  ufually 
ptrionned  at  a  tingle  operation,  and  with  left  firf^ 

Toe  means  of  producing  good  pottery  and   earthen-ware^  CiatioiiB 
CQolift  in  carefully  chuiing  the  earths  for  farming  the  body  :  \a(atc  in  |oo^ 
ip  froducing  an  exa£t  coincidence  of  expaniion  by  heat  be-  nefs. 
iwccn  iheiDj  and  the  vitrifiable  glaze  with  which  they  are  to 
be  covered,  and  in  baking  them  by  a  proper  degree  uf  fire, 
|)rodooed  from  corobudibles  not  capable  of  changing  the  nature 
utibegUiing* 

Toeoeglect  of  thefe  attentions  occasion  defeds  in  the  manu* 
ikiwd  article^,  whicii  arc  either  unfightly  and  nothing  more, 
urliolb  UDll^hily  and  dangerous. 
1^  unfii^htly  defeds   which  arc   found  in  ill  conditioned  DeMt  or 

A       f  r,  .   .,11  •     • 

poJlery  or  earthen- ware,  are*  /caliug;  the  drujtping  or  ^'"'P**  ^nracr"^ 
juoir;  drjfing  of  the  ware,  und  Jiaws  or  cracks, 

Tiis  (baling  is  the  appellation  ufed  when  tiie  glazing  of  a  Scaling  of  the 
j'iru  detaches  itfcif  in  fcalcs,  by  the  a^ion  ol  moiA  air,  or  on  t^**^» 
itieleaii  touch,  and  leaves  tlie  bifcuil  uncovered. 

The  dropping  or  drops  tike  place  wi;en  the  moiHure  of  the  Dropping  or 
fuel  having  Itruck  the  pieces  during  the  baking,  the  enamel  is  ^'°P*« 
t-xiiicdvd  in   drops  on  the   iurlace^  and  remains    vitrified  in 
^ui  furm.  inflead  of  being  equally  IpreaJ. 

rbe  fmoky  appearance  happens  vwl.L-n  a  piece  has  not  bct^  Smoky  tinge, 
puiified  by  a  clear  flame,  but  reinair.N  blackened  or  ilained. 

The  drying  happens  when  the  pieces  are, as  it  were,  roafied  jy  . 
ID  the  tiring,  and  cume  out  rough  irom  tiie  ablorption  of  the  en- 
amel into  their  fubitance. 

The  flaws  happen,  when  llie  earth  or  the  bifcuil,  having  -. 
a  different  p^romctrical  expanlibility  iVoni  that  of  the  enamel^ 
the  b(idy  cuntracls  in  cuuiing  nioie  thnu  ihe  glaze  wliiih  is 
therefore  fplit,  or  which  is  divicled  into  an  in^nile  nuinl>cr  of 
Iniall  pari<«,  fiHnetinies  not  peiceplible  to  the  eye  a  hen  the 
pieces  are  ne^',  hut  which  IxH-ome  very  vilible,  when  the 
gtfodi^  have  imbiijed  any  greafy  fubllance  in  ufin);. 

AW    thefe  deieds,    though  dilagrceable   to   the   eye,  have  The  coarfe  po 

nallv.  t*7j.«"»* 

•  •    .etcctive* 


tM\y,  ^hh  ttgkrd  to  the  wgre  ttMf,  only  the  inconvenience 
of  a  dirty  appearance,  provided  the  bifcuit  is  always  compaQ, 
and  VPeH  baled.  But  it  it  diftrent  in  the  common  pottery  in 
which  the  dropping,  the  icaling,  and  the  flaws  prodace  more  in^ 
juriotfs  d^feds.  As  the  earth  is  more  porous  and  left  baked  in 
thofe,  the  liquids  preferred  in  them  enter  into  the  pores  where 
they  become  altered  and  decompofod,  and  produce  folphar* 
ated  hydrogen,  which  injures  every  thing  kept  in  them. 
'«^'»^^*  P*"  The  moft  noj^ious  dcfeds  in  pottery  are  the  cavities  or 
pits  >nd  the  underbaking.  The  pits  are  roughnefles  or  hdbw 
bubble*;  which  are  found  oh  thofe  pieces,  whofe  enamel  being 
injured  by  rohbing,  or  being  too  little  aQed  on  by  the  fire, 
has  not  been  ftifed  into  a  vitreous  fubflance.  In  thefe  the 
metallic  oxides  are  in  *  ftate  capable  of  doing  injury«  being 

rnderbakmg  or  ^i^'  folublte  in  &t  or  acid  fsbftances. 

nperfea  fufion  The  underbaking  occafions  one  of  the  mod  dangerous  de^ 
e  gU«e.  f^Q^  -^  pottery;  the  pieces  thus  aflfedtcd  have  not  had  fuf- 
fictent  heat  to  caofe  the  enamel  to  do  more  than  agglntinafe 
together,'  and  in  fume  cafes  it  ^ven  ftill  remains  in  powder* 
It  is  therefore  capable  of  being  divided,  and  taken  up  by  all 
the  liquids  with  which  it  may  pome  in  contad. 
It  is  eafy  to  (hew  the  danger  to  which  the  public  mud  be 

^ '  expofed  in  buying  thofe  articles  at  ^  low  price  which  are 

called  wafte  or  refufe  and  which  ought  to  be  carefully  thrown 
awa V.  In  vain  may  it  be  faid  that  they  are  ufed  daily  without 
any  immediate  mifchtef  happening;  from  the  injury  being 
more  concealed,  it  is  no  lefs  deftru6tive.  Il  is  known  that 
lead  and  its  oxides  adl  infenfibly  on  the  organs  of  digeflion^ 
efpecially  when  taken  in  froall  quantities :  They  do  not,  how- 
ever, lefs  certi^inly  caufe,  at  length,  emaciation,  cholics, 
convulGons,  fometimes  of  all  parts  of  the  body,  with  obftinate 
diarrhosas ;  and  the  wretchcKl  people  who  ufe  fuch  veflfeU 
*  become  the  vidtims  of  their  own  ignorance^  and  of  the  im- 
prudent  avarice  of  the  manufadurer. 

It  would  be  to  the  honour  of  enlightened  manufe6lttrers^ 
not  to  pfier  to  the  public  pieces  which  have  imperfedionf 
beyond  a  certain  degree,  and  to  make  this  facrifice  to  the  good 
of  national  commerce,  efpecially  as  they  can  avoid  the  lofs  by 
p  greater  attcniipi)  to  their  materials. 
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bfMI  4f  a  LdLter  Jtfm  M.  John  Mechabl  Haossmann^ 
'l»M.  BirmTHOLLiT,  on  the  Eiiflcnce  of  iniemiediaU  Terms 
4  Oxidatim.  * 

1  THINK  there  are  fufficient  groands  for  admilting,  with  |[**|^."  ^  " 
jtUt  that  there  etift»  in  the  ovidation  of  many  metaltic  bodies,  degnef  at  0£M»» 
iMmnediate  degreei  between  the  mifiifnum  and  the  maximum.  <»b  of  menli. 
The  fM  example  I  (hall  cite,  is,  that  uf  a  mimmum  oxide  OzUe  of  tin* 
•fliDf  precipitated  from  the  mariatic  Iblution,  and  diflblved 
ii  «i  exoeCi  of  canfiic  potafli ;  a  metallic  alkaline  folation 
wMeh  1  half  t  before  noticed  in  my  Obfervations  on  the  Red 
P^  of  Adrianople,  inferted  hi  (he  "  Amakt  de  Ckinde**  and 
iNb  IB  a  Memoir  on  the  coloured  Oxides  of  Tin,  inferted  in  the 

By  atecding  any  dilation  of  the  muriate  of  tin,  and  ufing  Experiment. 
I  •»  concentrated  folation  of  cauflic  notaih.  the  mixture  .^!'"^*'<^<'>> 

'  ■  '  It  in  part  pre* 

much  calorie,  part  of  the  tin  is  precipitated  in  the  dpitated  mctaUa^ 

flate,  whilft  the  remainder  is  held  in  folution  in  an  !"^  ^|^**.  k 

iMarniNliate  fiate  of  oxidation.    This  alkaline  folation  is  fo  interm2iiu* 

diliBiidint,  that  it  changes  the  yellow  oxide  of  gold,  fixed  on  oxidatioii. 

cnttM^  by  means  of  ammonia,  to  a  grey ;  whilft  a  fimilar 

J^km  pattern  underwent  no  change  of   coloar  on  being 

Aeepcd  in  the  iirople  liquor  of  cauftic  pota(h.     A  like  altera- 

tion  took  place  on  dipping  a  cotton  cloth,  which  had  been 

prefioifly  flained  with  the  folution  of  gold,  and  well  dried 

in  Ike  alkaline  folution  of  tin,  which  alfo  produced  the  fame 

cM  on  pouring  into  it  the  pure  folation  of  gold  diluted 

wilb  irater. 

This  change  of  the  yellow  colour  of  oxide  of  gold  by  the  Other  praoTi  nf 
ildioe  folution  of  tin,  is  not  the  only  proof  of  an  intenne-  JSTftJJS^*" 
^iile  (late  of  oxidation ;  this  liquor  pofTelTes  beiiden,  a  pro- 
perty  of  deOroying  the  black ifli-brown  colour  of  the  oxide  of 
mnganefe  ftained  upon  cotton  by  an  alkaline  precipitant. 

Ail  tbefe  changes  are  more  rapidly  produced,  if,  prior  to  (he 
precipitation  and  folution  in  the  cauftic  potafti  liquor,  the 
norialic  folution  of  tin  he  diluted  with  (ix  or  eight  parts  of 
li^fttcr,  in  M^iich  cafe  there  is  no  fcniible  difengagement  of 

♦  Aniiales  dc  Chimic,  Vol,  LVI.  5« 
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cmloriCf  and  no  tin  is  precipitated  in  the  inet«iline  itate.  Tiiift 
folotion,  wbofe  oxidation  approaches  the  degree  of  niinimum, 
for  the  mod  part  retains  an  aqueous  tranfparencjf,  without 
any  precipitation  of  oxide ;  even  when  long  expofed  to  the 
atmofplieric  air«'it  does  not  lofc  the  properly  of  changing  the 
yellow  oxide  of  gold  to  a  gre>  colour,  or  of  deflroying  the 
blackifb  brown  tint  of  oxide  of  mangancfe,  when  fixed  upon 
OiHon.  .     . 

The  oxide  of  manganefe  is  capable  of  various  degree*  of 
(Mudation ;  if  a  piece  of  cotton  cloth  be  dipped  in  the  iranfr 
parent  folution  of  fulpbate  of  manganefe,  it  will,  when  dry, 
retain  its  original  whitenefs;  but  on  their  dipping  ihe  (ame 
cloth  in  the  liquor  of  carbonated  or  caudic  potaQi,  it  will* 
After  wafbing  and  expofure  to  the  atipofphericair,  be  cuioured 
brown;  which  colour  will  acquire  a  deeper  fhade,  ap- 
proximating to  black)  on  being  deeped  for  a  time  in  an 
oxigenated  alkaline,  muriatic  liquor.  The  oxigenaied  alka* 
line  liquor,  on  being  for  any  length  of  time  fubaiilted  to  the 
adion  of  the  brown  precipitate  of  manganele,  infiead  uf  the 
rag  fteeped  therein  (which  ik  to  ditlolve  by  means  oi  an  in* 
creafed  oxidation)  will  aifumc  a  purple  colour,  of  great&r  or 
lefs  tranfpareocy  as  the  time  of  their  union  has  bet:n  ionger 
^  fliorter. 

There  feems  reafon,  generally,  to  expcd  particular  refulls 
from  fubmitting  any  of  the  metallic  oxides  to  the  adlion  of 
this  oxigenated  muriatic  alkaline  liquor ;  which  might,  per<n 
hapit  be  a  means  of  giving  them  acid  properties,  and  at  the 
JEime  time  of  proving  the  gradual  oxidation  of  many  metals ; 
this  is  the  more  obfervable  in  white  oxide  of  Jead,  which  be- 
comes gradually  coloured  by  lung  expofure  to  the  oxigenated 
liquor^  and  being  frequently  dirrcd. 

Muriatic  and  uitro-muriatic  folutions  of  tin,  well  diluted 
with  walert  have  an  aqueous  tranfparency,  when   properly 

though  colour-   ^^^ » ,  ^^'  '^  ^^^  ^^^  ^  mixed  together,  they  acquire  a  fine 
lets  in  them-      viuotis  Colour,  fimilar  to  that  of  Malaga  ;  this  can  only  ariie 

b^^^dmixtwe*!  ^^^  '^®  oxigen  of  the  nitro-muriatic  being  in  part  com* 
\inous  tine  luunicated  to  the  muriatic  folution  of  tin. 
The  addition  of  ^^  ^  folution  of  gold  with  great  excels  of  acid,  and  diluted 
folution  of  gold  ^'jth  from  130  to  160  paits  of  water,  be  gradually  poured 
pL  dyV- *  ^'*^'  *"*^  ^^  above  mixture,  dirring  it  all  the  time,  r.ie  mieufily 
of  the  colour  \\iii  be  increafed,  till  at  length  the  liquor  be- 
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cooAm  of  ft  beaatiful  paiple  Yme,  in  which  all  kinds  of  good*  capable  of  Umg 
may  be  dyed  ,{thit  nmj  be  changed  to  the  lint  of  peach  or  lilac  ^^^^^^^ 
blofloms,  bj  iocreafing  the  proportions  off  (he  nttro  a»ariatic  or  Ubc  ^ 
foUitioD;  or^  on  the  other  hand,  by  caaiing  the  muriatic  fo-«r  even  to  grey, 
IcHoiis  of  tin  to  preponderate ;  (hades  of  grey  will  be  obtained,  cheq^w^cTo? 
deeper  or  paler  in  coloar,  according  to  the  quantity  of  tbethetiiolblatioaB 
Motion  added.    Caremoir,  however,  betaken,  in  the  latter 
experiment,  that  too  great  a  proportion  of  the  muriatic  liqeor 
of  till  be  not  ufed ;  for  by  depriving  the  oxide  of  gold  of  too 
niDch  of  its  oxigen,  it  might  be  too  much  difoxided  and  pre. 
cipilated.    The  precipitate  caufed  by  fuch  an.accident  is  not  '^^  precipluit 
altogether  void  of  oxigen,  which  prevents  its  Riding  cold  ^^^  ^^i'„^ 
Clver,  as  do  the  aflies  of  burned  cloth  impregnated  with  the  fii^  fi^ver,  with- 
folution  of  gold.    The  degree  to  which  the  prelervation  of  ^^^^*  . 
the  tincture  of  gold  may  be  carried,  muft  depend  on  the  pro. 
portions  of  the  two  folutions  of  tin,  their  twing  more  or  lefs 
furcharged  with  acids,  and  the  quality  or*  the  ibiution  of  gold, 
'fvherein  alfo  there  (hould  be  a  very  great  excef^  of  acid. 

The  purple  tindure  of  gold,  though  of  Uie  moft  perfed  ^^^^^^ 
tranfparency,  is  decompoftd  by  expofure  to  a  (Irong  heat,  and 
■throws  down  what  is  know  n  by  the  name  of*'  Purple  qf  Caffius,^ 
whofe  beauty  depends  on  the  quantity  of  niiro-murtatic  folu* 
tion  of  tin  made  ufe  of.  The  latter,  however,  if  mixed 
alone  with  the  folution  of  gold,  without  the  prefence  of  mii* 
riate  of  tin,  produces  no  alteration  of  colour,  and,  if  the 
.mixture  be  not  too  much  weakened  with  water,  is  a  very  long 
time  before  it  gives  a  precipitate. 

The  purple  ttnflure  of  gold,  is,  properly  fpeaking,  nothing 
inorc  th.in  the  powder  of  callius,  held  in  loluiion  by  means  of 
the  oxigen  of  the  nitro-muriaiic  liquor  of  tm ;  and  there  is 
everv  reafon  to  believe,  that  in  the  powder  of  cafljus,  the 
oxide  of  gold  is  in  fome  way  combined  with  the  oxide  of  tin, 
whid),  by  tranfmitting  to  it  its  own  origin,  during  its  fixation 
opion  porcelain,   prevents  it,  I  think,  from  retoming  to  its 
metallic  fiate.     I  lind  a  difficulty  in  fubfcribing  to  the  opinion 
of  Dr.  Richter,  of  Herlin,  who,  in  a  memoir  (which  I  have  Dr.  Rlchter't 
not  read)  attempts  to  prove,  by  mathrroaiical  ^emonftration,  ^P/^*^^Jj^^ 
that  the  crimfon-coloured  gold  on  porcelain  is  in  the  meiailic  ed  gold  upon 
flate.  I»«*^; 

•     The  purple  tindlure  of  gold  might  be  advantageoufly  em-  **r"^'!  5°^^ 
ployed  in  dying  filks,  without  greatly  enhancing  the  price.  ^\  othera'for 

The  ^'^  filki. 
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Tbe<(4oor  obuincd  from  it  forpafTes  alt  othen  in  duralfon^ 
fince  nothing  lefs  iban  combuAion  can  deficoy  it.  II'Unef;e£i 
fary.  howerer,  to  leave  the  filk  a  long  time  in  this  ()ye ;  wad 
the  depth  of  the  (hade  will  be  in  proportion  to  the  namber  of 
thnef  the  article  is  dipped ;  it  mud  be  well  wruo^  rinoef^ 

and  dried,  between  each  i in merfion. 

Thecnidacion         '^^  gradation  of  colours  produced  by  mixture  of  the  nibiBf 

of  fliadcs  already  muriattc,  aud  mufialic  folutions  of  tini  being  orach  weakened 

diaSonrof  *"    ^y  ^'"•PP*"!?  folulion  of  gohl  in  a  great  excefs  of  acid,  ooa* 

gndoiloxiaa-     iiderably  diluted  with  water,  into  the  mixture,  feemt  toai# 

***"•    -  to  indicate  a  gradual  oxidation.     The  acetic  folution  of  iron 

proves  the  (ame  truth ;  for  on  being  expofed  to  the  alaio£> 

pheric   airy   or  to  the  contad  of  oxigen  gas^  it  gradually 

,^^  ^  .      changes  from  a  fea  green  to  a  reddifli  yellow  colour.     I  have 

lofes  ittexcelii  of  (liewn»  io  a  memoir  on  tlie  alkaline  Tindlure  of  Mars  of  Stable 

oxigen  by  ex-     ^j^^^  fulpliatc  of  iron  may  be  fuper-oxigenated,  and  alfo  lole 

^'^l^  its  excefs  of  oxigen  by  the  adion  of  light.     On  mixing  coOi- 

centrated  fulphuric  acid  with  nilric  folution  of  iron,  I  obtained^ 

after  the  nitric  acid  wai  evaporated,  by  leaving  the  refiduum 

to  imbibe  the  moiitiire  of  the  air  for  feveral  months ;  cryflak 

of  fuper-oxigenated  fulphate  of  iron,    which  were  at  firii 

diftinguiniable  by  their  whttenefs  from  fulphate  of  alumine  ; 

but  the  adion  of  the  light  gradually  tinged  (heir  furfiice  with 

a  yellow  colour;  their  original  whitenefs,  however,  might. 

by  a  gentle  wafliing,  beredoredat  jileafure.  Super-oxigenated 

'    fulphate   of.  iron,    of  nearly  an   equal  degree  of  whitenefs, 

may  in  like  manner,  be  obtained   by  precipitating  nitrate  of 

iron,   and  diflfolving  the  precipitate,    edulcorated  and  freed 

from  water,  gradually  in  fulphuric  acid,  which,  if  well  con- 

centratedy  will  produce  cry  fials  of  fuper-oxigenated  fulphate  of 

inm  without  evaporation.     This  fait  pofleires  an  incomparable 

degree  of  adringency. 

The  hit  tbat         1*^^  progrefs  of  the  tranfmiflion  of  oxigen  is  more  manifeft 

IliAiit  printed     on  lineo  fimply  printed  with  acetate  of  iron  and  madder, 

iffOA  are  HaUeto  ^^i^^  V^^^  ^  *  ^o^g  ^iine  expofed  in  the  air  to  bleach,  un* 

hesmac  roctta»  Ms  the  artificial  means  of  bleaching  be  adopted.     The  print- 

kniZud^^     od  part  of  the  linen  firequently  periAies,  bearing  the  appear* 

flufion  of         ance  of  having  been  cut  with  a  (harp  mftrumcnt,  or  burned 

Mtgeat  ^jji,  concentrated  acid  ;  this,  it  ihould  feem,  muft  proceed 

from  the  adion  of  the  oxigen  contained  in  the  coloured  oxide 

of  iron,  coDtiDually  rcpi^oiltied  from  the  atmofpberic  air. 

—  It 
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[%    b  if  not  amonf  minerals  alone  that  fubftanceii  are  fcnind 
liUhkli  an  gradually  osided,  and  by  intermediate  degrees. 

lad^  afibrds  an  ioflance  thai  vegetable  and  animal  bodies  Vegetable  ind 
kr  proofs ;  for  any  folution  of  indigo  (excepting,  the  ^^^l^;^  ^7^ 
[jyiphilfiof  indigo)  willj  on  di(bxidalion»  or  on  having  its  oxi-  cafes  with  mini 
pa  refiored,  pafs  through  all  (he  degrees  of  fliadc,  from  ^^*!^ «'**"*' 
neon  to  very  yellow  olive,  prefervinK  in  the  mean 
I  fte.Gnne  qaantity  of  indigo  in  folution.    The  beauty  and 
Miiilj  of  Ihe  colours^  either  for  dying  or  painting,  will 
lAi^y  depend  on  the  degree  of  oxidation.     On  fome  other 
I,  Sir,  I  OiaU  writeto  you  more  amply  on  diis  fubjed. 
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Mtmaim  A r Academic  imphiaU  dcs  Sciences^  SfC.  Memoirs  qf 
.   tkcm^ml  Academy  qfSdcnca^  Literaiure,  and  fine  Arit,  qf 
Tanhfor  the  Years  12  and   13,   2  Tod.  Huartn.    180^. 

-  Tm. 

When. the  Koyal  Academy. of  Turin  afliimed  the  nameMemoiri  of  th 
effaperialj  in  confequence  of  Piedmont  being  annexed  ^o^^^^^?~ 
FiiM^  the  number  of  academicians  was  increafed,  to  form  a  encet»  Sec.  of 
^Mtrdiftj  that  of  literature  and  tiie  fine  arts.     Of  the  two*^*^'"- 
vobves  publifhed,  one  is  appropriated  to  (he  labours  of  thU 
M%,  the  other  lo  (hat  of  (he  ph)  fical  and  mathematical 
Ideaces. 

Tiie  latter  is  compiled  by  (he  fecretary,  Mr.  Vaflali  Eandi, 
wbofirS  mentions  the  changes  (hat  have  taken  place  in  the  lift 
of  Kadenicians,  next  the  various  papers  that  have  been  read  at 
•lUr  meetings,  and  then  the  books  and  other  articles  prefented 
tolbefixiety.  Thefe  lifts  are  followed  by  a  well  written  ac« 
oouot  of  the  labours  of  the  academy  up  to  the  year  1803« 
-wUch  occupies  250  pages.  After  tliis  follow  the  different 
aemoirs. 

J.  Deficription  and  ufe  of  a  new  portable  barometer,  for 

aoforing  heights  and  depths,  wi^b  obferv^tions  made  with 

fUi  ioflniment  in  the  circles  of  Turin  and  Saluzzo.    This 

iiklirument,  of  which  a  figure  is  given,  was  invented  by  the 

ftcietary  ;  who  has  fubjoined  (0  his  paper  fome  very  curious 

faiAorical  Botes  on  the  places  where  his  oblervations  were 

Aadc. 
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Vi^taamoftht  J.  Account  of  a  waterfpout,  that  occarredl  in  the  (errilorf 
demy  of  Sci-'  ^^  Revel»  in  the  circle  of  Saluno,  March  27,  1798»  with 
•mom,  *e.  pf     remarks  oo  llie  caufe  of  the  phenomenon,  by  the  fame* 

3.  On  the  different  cafMcities  for  condQ6tmg  heat  afcer* 
tained  by  experiment  in  different  articles  ufcd  for  clothing/ bjr 
*  J.  Sennebier* 

4^  Of  a  new  fpecies  of  hawkweed,  creput  to  which  are 
«ddedfeme  cryptogamiae  of  Piedmont,  by  J.  Baptift  Balbiv. 
A  figinre  of  this  plant,  which  Mr.  B.  calls  crepis  ambiguB, 
u  given.  Among  the  cryptogamiae  are  the  following  new 
fpacien,  mucor  Jhfculenius,  peziza  amenUuxa,  lidcn  nivaUt^ 
Thete  likewifo  are  figured. 

5.  Experiments  on  the  eflfedts  of  the  nitric  and  oxigenated 
muriatic  acid,  employed  topically  in  the  treatment  of  vahoua 
difeafes,  by  Mr.  Rofli.  Mr.  R«  gives  an  account  of  the  core 
of  feveral  gangrenous  ulcers,  venereal  buboes,  and  even 
contagious  carbuncles,  cured  by  the  application  of  thefe 
adds. 

6m  Meteorological  obfer vations  made  during  the  folar  eclipfe 
on  the  30th  of  Jan.  1805,  at  the  obfcrvatory  of  Turio>  with 
'  .  refledions  on  them,  by  Ant.  Mar.  Va(Tali  Eandt. 

.y  .  '7.  On  a  fpecies  of  caffia,  that  may  be  fubftituted  for  the 

ftnn'a  of  the  (hops  by  Mr.  Bellardi.  This  is  the  cc^  Mort- 
Uhidica,  which  Mr.  B.  would  call  fuccedanen,  becaufo,  Bc- 
'cording  to  him,  it  may  fupply  Ihe  place  of  the  cajfia  /an- 

8.  Inquiries  into  (he  nature  of  the  galvanic  fluid,  by  A.  M. 
VaflaliEandi. 

^  9.  On  the  mines  of  plumbago  in  the  departments  of  the  Sture 
and  the  Po,  by  Mr.  Bonvoifio. 

10.  Attempts  to  improve  nut  oil|by  the  fame.  Mr.  B.  poiota 
out  a  method  of  purifying  this  oil,  and  rendering  it  as  fit  for 
•lamps  as  other  fine  oils. 

-  II.  Examination  of  the  adion  of  the  galvanic  fluid  on  dif- 
ferent gafes,  l>y  J.  A,  Giobert. 

12.  An  anatomical  and  phyfiological  eflay  on  the  lymphatic 
gkundt,  by  profeflbr  Roffi. 

T3.  Solution  of  a  problem  depending  on  the  theory  of  per* 
flkutaiiont  and  combinations,  by  profeflbr  Balbo. 

14.  Explanation  of  the  circumflance  of  a  fifli  being  occa* 
fionally  feuod  with  prickles  in  the  river  of  the  27  th  military 

5  divifionw 
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divkfioHp  b)    M.r  Gioma,     Tlii«  fiih  i,*   the  eypriuus   idus ;  MtmoUt  cf  \h 
Ike  sale  onlj  bu  prickles,  und  lol'e*  them  after  fpawning  '^™^«'*»]  ^o- 

tiOW.  en(De^a  &c.  of 

13.  A  chemiro-inedical  eflfay  on  lh»  pulmonary  confumption,  Turia. 
:.l^  Jof.  Hyac.  Rizzelli.     Thu  principal  fubjed  of  ibis  efTay  is 
ibe  nature  uf'  llie  matter  expectorated. 

Tbe  following  papers  are  by  foreign  members. 
,  I.Menoiron  the  ufe  of  varying  (he  conilanl  quantity  in 
ijvaiing  up  equations   with  variable  cot'fficients,  by   Dr. 
[   jJipiiiacLi. 

2.  A  fyftemalical  enumeration  of  (he  coleoptera  found  in  the 
territory  of  Saluzzo,  with  obfer  vat  ions,  by  Law.  Ponza.  To 
Ibb  catalogue  are  annexed  two  plates,  containing  the  follow- 
ing new  fpecies.  Coccineltanumeralis, — cobjbkla, — curculio 
Jlpnofiu,''-<,  duLius, — c.  rugofwt, — c<rambtfx  pr(tvftiu,^^c,  mC" 
lamxtfUhUi — vhrj/jbmela  mtianoccpluda, — ck.  varitgcUa, — cA. 
prdio/kT'du  luciuofii,—fcarabam  ryftjtfTUi — cantharis  imprtf* 
fifron^'—etteLibusfunereui, — d^tijl:tisjl'plioida,-^tcnebriort{fw^ 

-"^irtkmrqfii, — carabut  aUenuatus,^^c,  metalUctUr-^^  mjfii^ — 
foitfaim  kipwi€taia,^filpfia  Jmuata,-^/.  fcabra. 

3.  On  the  motion  of  the  hairs  of  the  hypnum  adiantoida,  by 

Nwedai  de  Suffren.     Parts  endued  with  irritability  had  aU 

rttdy  been  obfcrved  in  the  hairs  of  fome  moffes.     Mr.  De  S. 

has  JMnd  it  in  thofe  of  the  h.  a.  and  defcribes  all  the  fingulari- 

ticiof  the  phenomenon.    This  paper  is  accompanied  with  a 

plale, 
4^  Of  a  refin  employed  by  the  bee  in  conilru£iing  its  combs. 

BjFr.Mouxy  Delocbe. 

5.  Eolomological  obfervations ;  by  Mr.  Difdcri.  Mr.  D. 
Crfi  flKtcbes  the  hiiiory  of  the  filkworm  ;  and  then  proceeds 
tB  certain  hymenoptera,  chiefly  oi  (he  genau  ttTUhredo,  scA- 
VMM,  Jphex,  €t  Tejpa. 

6.  Specimen  of  the  fungi  of  the  vale  of  Pifa,  by  Hugh 
Ciaino.  The  new  fpecies  are  figured  on  three  p!ates.  They 
UC  Agaricus  elatior :  a.  miniatus :  a.  pczizoides :  a.  nilro* 
^HfUQCOs :  a.  tricolor:  Boletus (cobinaceus :  Helvelbgrandis: 
A*  rcflexa :  b.  inAata  :  Peziza  achracea :  p.  pyriformis :  Re* 
unilaria  rofea :  Mucor  fruticulofui. 

?•  Obfervations  on  tbe  native  gold  found  among  fand^  by 
I^.  Boifi,  of  Milan. 

To 


TO  CORRESPONDENTS. 

MY  corrcfpondenl  from  Ediiibiirjjh  U  Kmtiiilett,  wH 
gird  1»  hii  projed  fur  8  batomelei,  that  ud  cnUrg«nMill  4 
diminution  ot'ilie  bote  will  make  llie  lend  difl%renc«  in  the  Ictk   \ 
of  the  common    barometer,   confiHing   of  b  lobe  i 
ctofed  tbovc,  and  liaving  iit  lo«tT  end  opent  sod  cein 
eating  with  a  bafun  of  mercuty  ol  con  li durable  dtaaiBlflB 

ti'lHonof  The  contrivanre,  received  feme  lime  ago  from  T.  1 
SiJm*'^'  "'"'''"K  *"  aftroruimicat  infhumcni,  in  which  the  i 
qtianliliesi  Oiall  be  TneaturP<l  l>y  lliecommniiicslion  of  ■  c! 
Ilrapt  or  firing,  [loIfrlTei  (o  much  ini^enaily  and  p 
it  has  exercirvft  ihe  head«  and  harfdi  of  a  number  of  C 
men.  Amotif;  thek  are  Kvberi  HiHike.  for  a  qui 
Muli['lienbroeck|  Inr  a  pyrometer,  an\i  many  operative  nm, 
fuch  ai  Siirun  and  otliern,  for  ihctidotiiL't  and  i|uadranti.— 
Where  the  inienljon  of  the  inltrument  is  llmplj  to  magnifjr 
(he  mulion,  wiiboul  any  particular  atlcnllon  to  precitj'w,  Ibe 
corjtrivance  has  a  happy  cireft  ;  patlicularly  in  public  leflurei, 
where  a  namber  of  fpedaiors  may  obferwe  ihe  fame  elTeA  at 
the  fume  lime.  It  is  likewite  cheap,  and  mav  he  carried  iolo 
afTeft  in  filuations  where  tiie  ufe  and  application  of  moie  k< 
ruraie  apparatus  cannot  be  referred  to. 
aaot  be  A  (light  aiiention  to  the  fubjea.  will  (hew  that  all  coMri- 

c  Teiji  M-  vanrei  of  ihe  hind  here  alluded  to  mull  be  (.-onfidatably  inac- 
curate. Kor  they  demand,  1 .  that  (he  wheels  (lioaM  be  nty 
truly  circular :  2.  and  free  from  all  din  and  impurily  ;  3,  that 
they  be  well  centered :  +.  that  ihe  ctiain  or  firing  Qiould  be 
every  whereof  the  fame  ihickneft:  5,  and  ii*  ien(ion  in  afl 
pofiilimt  alike,  iic,  &c.  If  Ihe  quantiir  of  error,  taken  at 
a  minimam,  which  mufl  arife  from  thefe  and  other  caufei,  ba 
attended  lo,  it  will  be  found  that  a  fimple  divifion  of  an  Vt 
(fubdivided  by  a  icrew  or  a  noriu?)  and  ewmined  or  read  aff 
by  a  fmall  magnifier,  will  afford  greater  preci(ion;  even  wfwn 
the  work  I>  performed  by  a  careful  defigner,  who  ii  no  ma- 
ihematical  inOrumeni  maker,  [t  i>  certain  ihai  much  (jrealet 
delicacy  and  precifion  may  be  had  in  the  divifion  of  maibtinw- 
tical  inArvmenls  by  the  patient  diligence  of  a  cultivator- of 
prafiical  mechanics  than  W  generally  fupp&rcd. 


^^^^^^^^m^Smm 
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ARTICLE   L 

On  the  Saline  Ejffiorefcences  upon  Walls;  Salivary  Concretion^; 
Deflagration  of  Mercury  by  Galvani/m ;  Biliary  Calculi;  and 
thefKcezing  Point  qf  Spertnaceti.  By  JOHV  Bostock,  M.D* 

To  Mr.  NICHOLSON. 
SIR. 

XN  the  third  and  fixth  volaroes  of  your  Journal  you  have  in- examination  of 
ferted  an  account  of  fome  experiments  that  I  performed  on  the  J7*5**'?^"* 
lalinc  efflorefc^nces  found  upon  walls.     I  have  lately  had  an  /bund  upoii 
opportunity  of  examining  two  other  fpecimcns,  of  which  I^"'^« 
now  fend  you  the  particulars.     The  firft  was  obtained  in  con« 
fiderable  quantity  from  the  inner  walls  of  a  warehoufe  that 
had  been  ere6ted  about  twenty  years.     By  a  feries  of  (imple'^e  Arft  wu 
experiments  which  it  is  unneceflary  to  detail  at  full  length,  ^^  ^^  ^^ 
I  foand  It  to  be  a  fulphate  of  foda,  which,  as  in  the  former 
cafes,  feemed  to  exid  in  a  (late  of  almoft  perfect  purity.    The 
drcumdances  attending  the  fecond   of  thefe  efflorefcences 
were  more  fingular.     It  was  given  me  by  a  friend  who  had 
fcraped  it  from  off  the  (lones  which  are  (ituated  on  the  infide  The  fecond  wn 
of  the  weft  aifle  of  York  Minftcr.     My  friend,  on  whofe  ac-  ^P«d  from  tba 
Vol.  XIII. — SvrPL£MENT.  Dd  curacy 
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fa»of  the  fkonff  curacy  I  pface  the  Ailleft  confidcncer^xprefsly  foaled,  thaf  it 
Mlafter  and  not  ^^^  taken  from  the  furface  of  the  Aone  ilfelf,  and  not  from 
frum  the  mortar,  the  joints  or  any  part  that  had  been  covered  with  mortar.     It 
exifled  there  in  large  quantity,  and  was  difpofed  in  the  form 
of  projefting  Ipiculas.     Upon  fobjedling  it  to  the  ufual  trials. 
It  was  fulphatc   J  found  it  to  be  a  very  pure  fulphate  of  magnefia.     In  order 
verrpSre,"*       ^^  afcertain  with  precifion  the  degree  of  its  purity,  I  prepared 
a  quantity  of  the  fulphate  of  magnefia,  by  uniting  together  itt 
conltitueHt  parts*     This  artificial  ialt,  and  the  fait  from  Yofk, 
bfter  being  cryflallized,  were  expofed  for  fome  time  to  the 
fame  decree  of  heat,  and  when  ail  the  water  of  crydallization 
appeared  to  be  cxpclled»  equal  weights  of  them  were  diflblved 
in  equal  weights  of  water :   100  grains  of  ihefc  folutions  had 
the  muriate  of  barytes  refpedtively  added,  until  no  farther 
precipitation  was  produced,  when  it  appeared  that  exadly 
the  fame  weigirt  of  barytes  was  neceflary  to  faturale  each  fo- 
lotion.     The  portions  of  precipitated  fulphate  of  barytes  were 
colledcd  and  dried^  and  when  examined  by  a  nice  balance, 
exhibited  fcarcely  any  perceptible  difference  in  weight ;  they 
each  amounted  to  7.9  grains.     A  fimilar  procefs  being  adopted 
with  rcfpedto  the  common  Epfom  fait  of  the  fliops,  thepre- 
ei^hate  was  found  to  be  7.35  grains  only.     Before  I  quit  ihit 
fofaffcdt,  I  may  remark  that  another  friend,  in  vifitmg  the  ca* 
thedral  at  Tewkelbury,  noticed  a  falrHC  efflorcfcence  on  the 
infide  of  fome  part  of  that  building  ;  he  collodted  a  portion  of 
ft,  intending  to  give  it  me  for  cxaminalion ;  but  it  was  acci- 
dentally lolh     Perhaps  fome  of  your  readers,  who  rcfide  in 
that  neighbourhood,  may  be  induced  to  examine  it,  and  tranf^ 
Q^  Whence      mlt  the  refuit  to  )  our  Journal.     I  coiifcfs  my  felt  totally  unable 
c^  tbeiMg-  j^  explain  the  production  ol  the  fulphate  of  magnefia  on  the 
furface  of  a  irccftoiic,  fuch  as^  I  bdieve>  forms  the  body  of 
York  Minder. 
Account  of  a  Among  the  folid  concretion^;  which  are  formed  in  drfferenl 

?^'^^*A  ir**^  parts  of  the  human  body,  thufe  from  the  falivary  dufls  arc  oc- 
•»r^  ■  *  cafionally  met  with.  I  hialy  procured  one  of  thefe  fub- 
fiances,  of  which  I  will  give  vou  a  brief  account.  It  was  a 
cylinder,  pointed  at  one  end,  of  italf  an  inch  in  length,  and, 
fomewhat  more  than  -f^  of  an  inch  in  diameter;  it  weighed, 
]^gr.  It  was  white  and  fmooth  on  the  outfide,  and  its  in- 
ternal fra6lure  did  not  oxiiihit  any  marks  of  F(*gular  organiza- 
tion.    1^0  half  a  grain  of  the  concretion  a  few  drops  of  diluted 

muriaiia 
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mamiic  tcid  were  added ;  no  efFervefcence  was  excited.  By 
the  Application  of  a  gentle  heat  the  whole  was  dilTolved,  ex- 
cept a  few  films  that  fwam  in  the  fluid.  A  copious  precipi* 
lation  was  produced  in  ibis  folulion  by  pure  ammonia,  but 
none  by  the  carbonate  of'^mmonia.  A  part  of  the  muriatic 
fetation  was  eraporatecfcf  (he  refidue  was  not  foluble  in  water, 
bat  was  fpeedily  re-dilfolved  by  the  muriatic  acid.  The  mu- 
riatic (ohition,  (ktiiraled  with  the  carbonate  of  ammoniac,  liad 
a  precipitation  proiiuced  by  the  oxalate  of  ammoniac.  It  ap-  It  was  phofphate 
pears  therefore  that  the  concretion  conlifled  of  the  phofphate  "mcch^pfly, 
of  lime,  mixed  with  a  little  animal  matter,  probably  coagu-  ' 

lated  albumen;  it  did  not  contain  any  carbonate  of  lime,  and 
its  component  partit  appeared  not  to  poffefs  any  regularly  or- 
^niJBed  flru^ure.  M.  Fourcroy  •  and  Dr.  Thomfon  +  have 
examined  fimilar  bodies,  and  agree  in  confidering  the  earthy 
matter  to  be  the  phofphate  of  lime ;  we  may  therefore  reafon- 
ably  conclude  that  this  fubftance  always  compofes  the  earthy 
part  of  the  falivary  concretions.  I  am  difpofcd,  however,  to 
differ  from  thefe  difiinguiflied  chemifls  in  my  idea  rcfpedling 
the  nature  of  (he  animal  matter  which  enters  into  their  com- 
pofition ;  M.  Fourcroy  considers  it  as  confiding  of  a  fpccies  of 
mucilage,  while  Dr.  Thomfon  dcfcribes  it  as  'la  membranous 
fubfiance,  which  retains  the  fliape  of  the  concretion  afler  the 
fnlution  of  the  phofphate.*'  This  wa"?  certainly  not  the  cafe —with  co«gti- 
wilh  the  one  which  I  examined.  I  am  difpofed  to  confider  ^^^'^^^  *^**""*^"* 
tfie  animal  matter  a«  coagulated  albumen,  rather  than  mucu<;, 
fn  confequence  of  its  infohible  nature,  and  tlie  greater  facility 
with  which  it  would  on  this  account  be  detained  by  the  phof- 
phate of  lime. 

The  power  which  the  elcftrlc  fluid  poflrtiTe^,  when  generated  Mercury hai not 
by  the  galvanic  apparatus,  of  burning  metallic  plates,  atTords  Jj%^^°^***^**|^** 
one  of  the  mod  beaulifiil  experiments  of  v\hich  the  fcience  ofgalvanl/m, 
cbemiflry  can  boafi.     All   tlwu  melah  have  i)y  this  means  been 
fubje6ted  to  conibufiion,  exce|)i  mercury,  which,  owing  to 
its  fluidity,  is  incapable  of  being  formed  into  thin  laminae,  t 
I  have,  however,  been  fortunate  enou;^h  to  accompliih  this 
ebjeA,  and  that  by  the  moH  fun  pie  method. 

»  Syfterac,  IX.  36S.  f  Chcmiftry,  IV.  658. 

t  Thomfi-n's  Chemiftry,  I.   I'Jj. 

D  d  2  I  was 
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I  was  performing  fome  experiments  with  Mr«  Richard  DaV* 
ton,  an  ingenious  ledurer  in  natural  philofopby  of  this  plaoe, 
with  a  pile  compofed  of  60  pair  of  fix-inch  plates  of  oioc  and 
Zxperiment  in    copper,,  when  it  occurred  to  me  to  place  a  minute  globule  of 
r«^o?"  ''**  naercury  in  an  iron  fpoon,  refting  on  the  top  of  the  pile,  and 
to  approach  to  it  a  thick  iron  wire  connected  with  the  other 
end  of  the  apparatus ;  the  effed  was,  that  a  brilliant  flar  of 
light  was  produced  from  the  mercury,  atteiKied  with  a  cracks 
ling  noife  and  a  copious  emiffion  of  fparks ;  the  mercurj  waa 
found  converted  into  the  black  oxide. 
The  dark  co-         The  mod  common  fpecies  of  biliary  calculus  is  that  com* 
^'^i  £[^'*I  P^^®^  °^  ^^®  peculiar  cryftalline  matter,  which  in  fome  of  its 
not  appetr  to  be  properties  refembles  fpermaceti,   through  which  are  inter* 
Infpiliited  refin  fperfed  a  number  of  dark  coloured  particles,  that  are  fuppofed 
•f  the  bik.        ^  ^^^^^  ^f  luurdened  bile.    This  is  the  idea  entertained  by 
M*  Fourcroy,*  and  the  one  which  I  adopted,  when  I  made 
the  experiments  on  this  fubjed  which  are  related  in  the  foartb 
volume  of  your  Journal.    I  have,  however,  fince  that  time 
been  difpofed  to  alter  my  opinion ;  in  two  fpecimens  of  the 
biliary  calculi,  which  I  examined,  after  feparating  thecryfial* 
line  matter  by  alcohol,  I  was  unable  to  diiTolve  the  dark  co- 
loured particles  by  any  menAruum  which  1  appli^  to  them; 
they  imparted  a  yellow i(h  tinge  to  water  and  other  fluids,  but 
the  great  bulk  of  their  fubfiance  remained  unchanged.     It  is, 
I  conceive,  not  probable  (bat  the  mere  infpifration  of  the  refio 
of  the  bile  could  fo  far  alter  its  properties.     I  mention  this  cir* 
cumdance  principally  with  a  view  of  attradling  the  attention 
of  any  of  your  readers  who  may  be  in  poirelTIon  of  a  number 
of  galUflones,  fo  as  to  afcertain  whether  the  untra^ble  nature 
of  thefe  particles  is  a  general  property  of  the  cydic-adipo- 
bilious  concretions,  or  foroething  peculiar  to  the  fpecimens 
apon  which  I  experimented. 
UleUing  point  of     ^  ^^^1  conclude  this  mifcellaneous  letter  wiih  fome  remarks 
fpermaceti.         upon  the  melting  point  of  fpermaceti.     In  the  paper  to  which 
€xperhncnt*con-    have  already  referred,  I  mentioned  the  diverfity  of  opinion 
£rms  that  it  is  a  that  had  been  entertained  on  this  fubjc6l,  and  afterwards  fiated 
'*^^***^"**'*lhat  my  own  experience  induced  me  to  fix  it  at  the  1  I2th  de* 
gree.     Dr.  Thomfon,  in  the  firft  volume  of  his  Chemidry, 
fixes  the  melting  point  at  133^,t  while  in  the  fourth  he  flatef 

*  Syftcme,  X,  ^9«  t  Page  35S. 

it 
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it  to  be  112^,  upon  the  authority  of  my  paper.*  Yet  in  hit 
anfwer  to  the  Edinburgh  reviewers,  he  has  mentioned  this 
eflimate  of  the  melting  point  of  fpermaceti  as  one  of  his  ac^- 
knowledged  errors,  and  upon  the  authority  of  Dr.  Gibbes, 
fixes  it  at  1 1 5^.  This  circumftance  determined  me  to  repeat 
the  experiment ;  I  employed  a  very  delicate  thermometer,  and 
nfed  every  requifite  precaution ;  the  refult  was  that  the  inflru* 
ment  defcended  to  a  Utile abcve  the  l\2th  degree,  and  remained 
fiationary  until  the  fubflance  was  become  folid.  I  may  add 
that  Dr.  Irvine,  in  fome  experiments  related  in  the  ninth  vol* 
of  youf  Journal,  fixes  the  point  at  113S  which  agrees  fo 
nearly  with  my  obfervations,  as  to  a£Ford  me  an  additional  conr 
fidence  in  their  accuracy. 

I  am.  Sir, 

Your  obedient  fervanf, 

JOHN  BOSTOCK. 
Uverpodl,  April  9«  1 809. 


ir. 

Jnctfiigetim  cf  the  Temperature  at  which  Water  is  of  greatejl 
^^fit^f  from  the  Experiments  ef  Dr»  Hope  on  the  Contradion 
ef  Water  by  Heat  at  low  Temperatures.  In  a  Letter  from  Mr. 
John  Daltov. 

To  Mr.  NICHOLSON. 
SIR. 

In  your  Journal  for  February  1805  was  inferted  a  letter  of  Reference  to  a 
mine  containing  certain  fads  relative  lo  the  fubjeci  of  ^y  pre- j^^J^^^^j^^™"' 
fent  communication,  which  led  me  to  difbelieve  the  common  which  the  max 
opinion  that  water  is  denfeft  at  40®,  and  inclined  me  to  think  '""™  dcnfiiy  o 

.  "^ .  .  '  watrr  was  ulcei 

It  IS  at  32^.     Smce  that  time  my  attention  has  again  been  at  31^. 
turned  to  the  fubjed;  fome  fmall  but  immaterial  corredions 
pf  the  Aids  have  been  made  and  additional  ones'  obtained,  by 
which  I  have  been  enabled  to  demonflrate,  at  lead  to  my  own 
fatisfa6lion,  that  the  temperature  at  which  water  is  of  great-  Prefent  Infer- 
eft  denfity  is  at  or  near  3(5*  of  Fahrenheit.     The  refnhs  have  *J^*  ^^  *»'  »*  ' 
lately  been  communicated  to  the  Manchellcr  Society,  and  may 

♦  Page  512. 

perhaps 
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perhaps  appear  in  a  future  volume.  My'prefeni  objefl  is  to 
fhew  that  the  refulls  of  Dr.  Hope's  experiments  are  explicable 
on  the  fuppodtion  of  water  being  denfcd  at  36^,  but  on  no* 
other, 
(bfcrvat'ions  on  -  Dr.  Hope  and  myfelf  concur  in  the  opinion  that  water  ia- 
>e  «P»fion»    denfeft  at  fome  one  point  of  temperature,  and  that  above  and- 

r  water  on  ckd  ^  '  .       i  •   . 

de  of  Its  point  below  that  point  it  expands  alike  by  heat  and  cold  in  a  gradu^ 
f  greateftden-  ^\\y  increafing  manner.     De  Luc  was  the  firft  to  obferve  that 
the  expanfion  is  the  fame  quantity  for  the  fame  number  of  de« 
grees,  whether  of  increafe  or  diminution  of  temperature;  the 
remarkable  fa6t  was  extended  by  my  former  experience  from 
a  range  of  8^  to  25^  or  more,  above  and  below  the  flationary 
point.     I  have  lately  examined  this  fa6l  with  greater  attention 
to  precifion  than  formerly^  and  find  that  it  is  accurate,  except 
that  the  expanfion  for  degrees  below  the  flationary  point  is  al- 
ways fomewhat  more  than  for  a  correfponding  number  of  de*- 
grees  above  the  faid  point.     Thus,  water  is  flationary  in  a 
glafs  thermometer  at  42^ ;  if  heated  to  75^  by  the  mercurial 
fcale,  it  ex|)ands  very  confiderably ;  if  plunged  into  a  frigoru 
fic  mixture  of  13^,  it  falls  to  42^,  and  then  expands  again 
to  the  fame  point  uf  15°,  at  which  it  remains  flationary  as 
long  as  continued  in  the  mixture.  .  It  may  be  remarked  too, 
that  congelation  rarely  if  ever  takes  place  in  the  bulb,  when 
I  he  mixture  is  not  below  15^,  which  may  eafily  be  procured 
by  putting  Ihow  into  water  faturaled  with  common  fah.  Hence 
we  fee  that  29**  below,  afford  the  fame  expanfion  as  33°  above 
the  flationary  point.     This,  I  imagine,   is  occafiuned  by  the 
error  attached   to  the  equal  divifion  of  the  mercunal  fcalc. 
For  a  fmall  number  of  degree^,  however,  we  may  admit  that 
the  expanfions  for  correfponding  intervals  above  and  below 
are  equal;  hence  we  obtain  the  tbllowtng  table  of  correfpond- 
ing temperatures  at  which  water  is  of  the  tkmedenfity. 

Suppofing  greatefl  denfity  at  10^ 

390  and  41** 

38  42 

Correfpond-  I  37   ■■■        43  Correfpond- 
ing denfi-  J  36  -, 44  ing  denfi- 

ties  will    \  3.3  —  45  ties  will 

be  at         ./  34  4()  be  at 

47 
IS 


DftllSITY    OF    WATEH,  \  379 

■v.  . 

Dr.  Hope  alf  j  adms  with  roe  tfee  faft  thai  water  fubjefted  Tlie  author  and 
to  be  cooled  without  agitation  in  a  frigori fie  mixture,  ufually  ^.J^' jj,,**^^^" 
delcends  fevera!  degrees  below  the  freezing  point,  and  Ail!  may  continue 
Mains  ili  liquidity.     Though  it  is  eafy  to  obtain  water  in  a  ^.^"'^j^'**^.** 
|^s  bulb  20  or  2 j^  beluw  freezing,  I  could  never  coul  water 
in  an  open  jar  more  than  10  or  11®  below  freezing,  agreeable 
to  the  experience  of  Sir  Charles  Blagden.     But  I  find  water 
kfaclicircum fiances  will  adroit  of  being  cooled  to  *25^\  and 
die  bulb  of  a  thermometer  to  be  immerfed  and  withdrawn  fe- 
feral  limes,  without  freezing. 
We  come  now  to  the  experiments  of  Dr.  Hope, 

Experiment  /. 

A  jar  eight  inches  deep  and    1-1  in  diameter,  filled  with  Dr.  Hope's  ex- 
water  of  32**,  and  placed  on  a  table,  &c.     Air  60— eu*'.  P"*'"'"^^"^'**** 
Two  tfaerfflomelcrs  infcrted^  one  at  tlu:  top,  another  at  the 

kttCID. 

Tif  ThrmnfieUr,  Bottom  Thermometer, 

Difil'ienccs.  Differences. 

52^       .     .     ^     -     .     .     .     32* 

1+  2+ 

lalOmiD.  33+ 3-1+ 

2.5-  3- 

30 35.  J 37 

1.3  1  + 

50 37 38  + 

1  O 
Jhour-*— S3 38+ 

4  .25- 

I    10 -1.2 38.25 

2  1.75 
1    30 l-t 40  &c. 

In  the  firft  interval  of  10  minutes  we  obferve  the  bottom  inference  that 
fijermometer  to  have  gained  2*^+,  and  the  top  only  i •  + ;  the  ,water  de- 
fhe  former  has  the  heat  which  enters  diredly,  together  with  ^^^^^  j^eat, 
Ineiieat  which  uefccnds  by  the  fide  of  the  velFel ;  the  latter 
lias  only  the  heat  which  enters  directly,  and  as  thefeare  nearly 
ai  one  to  two,  we  may  infer  that  the  acquiiition  of  dired  heai« 
ud  heat  by  dcfcent,  are  nearly  equal  in  t!ie  bottom  thermo- 
meter during  that  interval* 

Jo  the  next  interval  of  20  minutes  we  obferve  the  bottom 
thermometer  gains  a**  — ,  and  the  top  2^,5  —  .     Here  we  fee 

(he 
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the  afcending  carrent  dill  continues,  but  has  produced  little 
cffedf  having  not  added  more  than  half  a  degree  to  the  tem- 
perature. 
^Huitil  the  tern-     During  the  next  20  minutes  the  top  gains  1^.5,  the  bottom 
P^J^  "Jj*^  only  !«+.     In  this  interval  we  may  obferve  the  current  has 
turned,  but  not  yet  acquired  much  force.   The  point  of  great- 
efl  deniity  mud  therefore  have  exided  at  the  lad  obfervation  or 
near  it:  the  mean  of  35^.5  and  37*  is  36|^  for  the  required 
point,  as  deduced  from  this  experiment. 
AAer  which  the     ^"  '^  minutes  more  the  top  gains  i^,  and  the  bottom  little 
betted  water  af-or  nothing;  here  we  find  the  afcending  current  has  become 
********  fuch  as  to  manifed  its  influence  very  fcnGbly. 

In  the  next  10  minutes  the  top  gains  4^,  and  the  bottom 
only  ,25;  here  the  afcending  current  has  become  quadruple 
what  it  was  2^  below ;  becaufe  the  farther  the  temperature  is 
raifed  above  the  dationary  point,  the  more  powerful  is  tlie 
force  of  afcent  arifing  from  the  fame  interval  of  temperature. 
Theft  ft€t%  do        {t  would  be  in  vain  to  attempt  to  reconcile  the  above  ex- 
^f^21x^    pcriment  with  the  opinion  that  water  is  dcnfqd  at  3d®  or  40®. 
nazimMmdeii-  A^  ^^  ^^'^  moment  when  the  mean  temperature  of  the  water 
£ty  at  39*  or     |g  399^  ^re  obferve  the  afcending  current  the  mod  adive^  when 
^  *  it  ought  to  have  been  defcending  or  imperceptible. 

Theeflfeftifoot  I  Once  imagined  that  the  experiment  might  be  explained 
n^&edbythe  q^  the  fuppodtion  of  32**  being  the  point  of  greated  denfity; 
that  the  fudden  increafe  of  temperature  at  the  bottom  arofe 
from  the  heat  of  the  table,  and  tiiat  the  cohefion  of  the  par* 
tides  of  water  prevented  their  afcent  under  the  propulfion  of 
fa  fmall  a  force;  but  having  procured  a  large  glafs  jar  which 
could  be  fufpended,  I  found  the  fame  order  of  differences 
nearly  as  when  placed  on  a  labie^  and  was  therefore  obliged 
to  abandon  that  explanation. 

Intending  to  fend  the  remainder  of  this  invefligation  for 
a  future  number,  I  remain 

Vour  friend, 

JOHN  DALTON, 
l^anch^er,  April  U,  IS06. 
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III. 

Account  of  a  Series  of  ExperimenU^  Jhewiag  the  EJtcis  of  Com- 
pr^fion  inmo€l\fying  the  JSiion  qf  Heau  jQfy  Siic  J  amis 
HalL|  Bart.  F.  R.  S»  Edinburgh, 

(Condaded  from  Page  318.) 

Section  III. 

Experiments  made  in  Tubes  qf  Porcelain, — Tubes  of  Wedgwood's 
Ware, — Methods  ufed  to  confine  the  carbonic  Acid,  and  to 
chjb  the  Pores  of  the  Porcelain  in  a  horizontal  Apparatus, — 
Tubes  made  with  a  View  to  theft  Experiments, — TIte  vertical 
Apparatus  adopted. '^View  of  Rej)dls  obtained^  both  in  Iron 
and  Porcelain,'^T1ie  Formation  qf  Lime-ftone  and  Marble,-— 
Inquiry  into  the  Caufe  of  tlie  partial  Calcinations. — Tubes  qf 
Porcelain  wei»1ied  previous  to  breaking — Experiments  xiith 
Poreelain  Tubes  proved  to  be  limited. 

W  HILE  I  was  carrying  on  the  above-mentioned  cxpcri-  Set  of  expcri« 
nents,  I  was  occafionally  occupied  with  another  (et,  in  lubes  ^^^*^J^ 
of  porcelain.  So  much,  indeed,  was  I  prepofTeffed  in  favour 
of  this  lad  mode,  that- 1  laid  gun-barrels  adde,  and  adhered  to 
it  daring  more  (ban  a  year.  The  methods  followed  with  this 
fubftance  differ  widely  from  thofe  already  dcfcribed,  though 
founded  on  the  fame  general  principles. 

I  procured  from  Mr.  Wedgwood's  manufadory  at  Etruria^ 
in  Stafibrdihire,  a  fet  of  tubes  for  ihis  purpofe^  formed  of  the 
(ame  fubHance  with  the  white  mortars,  in  common  ufe,  made 
there.  Thefe  tubes  were  fourteen  inches  long,  with  a  bore 
of  half  an  inch  diameter,  and  thicknefs  of  0.2;  being  clofed 
at  one  end  (figs.  9,  10,  11,  12,  13.)  PL  XI. 

I  propofed  to  ram  the  carbonate  of  lime  into  the  breech  They  were  cW 
iFig.  9.  A) ;  then  filling  the  tube  to  within  a  fmall  difiance  of  ^^^^  ^^j^  ^^^ 
its  muzzle  with  pounded  flint  (B),  to  Hllthat  remainder  (C)  turewas  ^om 
with  common  borax  of  the  (hops  (borat  of  foda)  previously  re-  J^^^Jf 
duced  to  glafs,  and  then  pounded ;  to  apply  lieat  to  the  muz;de 
alone,  fo  as  to  convert  that  borax  into  folid  glafs;  then,  re- 
veriing  the  operation,  to  keep  the  muzzle  cold,  and  apply  the 
leqnifite  heat  to  the  carbonate  lodged  in  the  breech. 

I  thus  esipeded  to  coafine  the  carbonic  acid;  but  the  at*  Difiicult'ief  of 
Unfi  was  ettmdtd  with  confiderable  difficulty,  and  has  led  ^^'''  P'^'^^* 

§  to 
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to  Ihe  employment  of  various  devices,  which  I  fliall  now  fliorf*^ 
]y  enumerate,  as  ihey  occurred  in  the  courfc  of  pra6tice.  The^ 
iimple  application  oF  the  principle  was  foun4  infuQcieatf  frov^ 
twocjufes:  Firfr,  The  carbonic  acid  being  driven  froiq  the 
breech  of  the  lube,  towards  the  muzzle,  among  the  porayof'*' 
(he  pounded  (ilex,  elcaped  from  the  coaiprefling   force,  If 
lodging   ilfclf  in  cavities  which   were    comparatively  GoM: 
Secondly,  The  glafs  of  borax,  on  cooling,  was  always  found  lo 
crack   very  much,   i'o  that  lu  tightnefs  could  not  be  de* 
pendod  on, 
nd  the  method     To  obviate  both  thefe  inconveniences  at  once,  it  occurredlo 
partly  obvi-    ^e,  in  addition  to  the  fi  fl  arr.mgi  ment,  to  place  fome  boTax 
'"fi      "'       ^f^g  IQ  (J  J  f^  p^3|.  ^jj^.  ijroccli  o^  llie  lube,  as  to  undergo  heat 
along  with  the  carbonate  (A);  but  intcrpofing  between  thii 
borax  and  (he  carbcmate,  a  Aratum  of  filex  (B),  in  order  to  , 
prevent  contamination.     I  truHud  that  the  borax  in  a  liquid 
or  vifcid  flaie,  being  thruil  outwards  by  the  e?cpan(ion  of  the 
carbonic  acid,  would  pri  (^  i»j»ajnfi  ihe  filtx  beyond  it  (DJj 
und  totally  prevent  thcelafiii-  iubfunccs  from  elcaping  out  of 
the  tube,  or  even  I'lom  wanikring  into  its  cold  parts 

In  tome  rclpefts,  tliis  plan  anfwcrcd  to  expectation.     Tlie 
glaf?  of  borax,  which  can  never  be  obtained  when  cold,  with- 
out innumerable  cracks,  unites  into  one  continued  vifcid  mafs 
in  the  lovvefl  red- heat;  anJ  as  the*  flrel's  in  thiTe   experiments 
begins  only  with  re(!n<;r<,  the  l/<.>rax  being  healed  at  the  fame 
time  with  the  carbonate,  become*;  united  and  impervious,  as 
foon  as  its  a^lioii  is  next  fHiiy.    Many  ^ooci  refults  were  accord- 
jngly  obtained  in  thi';  way.     Hut  I  louncl,  in  pradlice,  that  as 
the  heat  roti',  the  borax  began  to  enter  into  too  thin  fuiioni  and 
was  oficn  loft  among  the  pores  ot  the  fiiex,  the  fpace  in  which 
it  had  Iain  being  found  empty  on   breaking  the  tube*     It  was 
therefore  found  necfllaiy  to  oppofe  fomelhing  more  fubflan- 
tial  and  compadt,  to  the  thin  and  penetralir.g  quality  of  pure 
borax. 
otHe  glafs  was       In  fearching  for  fome  furh  fubftance,  a  curious  property  of 

•und  much  pre- j^jjIg^gj^Cj  occurred   accid'M)ialiy.       Some   of  this  elafs  in 

;rabie  to  pure  ^ 

orax  for  the      powder,  having   (leen  introduced  into  a  mufHeai  the  tempe^ 

iirpofcof  re-     raturc  of  about  20**  of  Wedgwood  ;  the  powder,  in  the  fpace 
irbooicacid.      <'^  about  a  minute,  entered  into  a  (late  of  vifcid  agglutination, 
like  that  of  honey,  and  in  about  a  minute  more,  (tiie  heat  al- 
ways continuing  unchanged),  confolidaled  into  a  firm  and  com^ 
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4   pafiDDafsof  Ucaumur^s porcelain*.     It  now  nppeareil,  ifiat  by 
pUcin^  tiiis    luollance   immediate!'    behind    the    borax,    thts 
fnetraliiik;  quality  ot'  this  lad  migi:i   ic  elfedually  xeftraiiied; 
iu,  Reauniur^s  purcciain  has  the  doable  advantage  of  bein^ 
idndory^  and  of  not  cracking  bv  change  oncmperature.    I 
hod,  however,  that  in  the  acl  of  coni'olidation,  the  pounded 
botlie-glafs  (lirunk,  fo  as  to  leave  an  opening  between  its  mat's 
ndlhe  tube«  through  which  the  borax,  and,  along  with  it,  tlie 
orbootc  acid,  \«as  found  to  efcape.    But  the  objecl  in  view  was  Improvemenn 
obtained  by  means  of  a  mixture  of  pounded  boltle-glafs,  and  **"  '^"*  "*'^'° 
poonded  flinC.io  equal  parts.  This  compound  ftill  agglutinate.% 
not  indeed  into  a  mafs  fo  bard  as  Reaumur's  porcelain*  but  I'uf* 
fictenily  fo  for  the  purpofe;  and  this  being  done  without  any 
fen(iblecoiilra£t!on«  an  etfeclual  barrier  was  oppofed  to  the  bo* 
nx;  (this  arrangement  is  (hewn  in  fig,  11.);  and  lhu«  the  me- 
thod of  doling  the  tubes  was  rendered  fo  complete,  as  fcldoni 
to  fail  in  pradice +.     A  Aill  further  refinement  upon  this  me- 
ihod  WIS  found  to  be  of  advantage.  A  lecond  (eries  of  po  wders^ 
like  that  already  defcribcd,  was  introduced  towards  the  muzz!e« 
(aslbewn  in  Fig,  12)..     During  the  fird  pt^riod  of  the  experi- 
Mot,  this  lafl- mentioned  ft^rics  was  expo  fed  to  heat,  with  all 
the  oat  ward  half  of  the  tube  (^a// J;  and  by  this  means,  a  folid 
Dafiwa^  produced,  which  remained  cold  and  firm  during  the 
fvbleqaent  a6lion  of  heat  upon  the  carbonate. 

lioun  founds  that  notwiihftanding  all  the  above-mentioned  ^t'"*^^  ^  ^ 

prenaUonSf  the  carbonsc  acid  made   us  efcape,  and  ihut  it  taithen  tubei« 

pervaded  the  fubfi.ince  ol  the  Wedgwood  liibcs,  where  no  tlaw 

could  be  traced.     It  occurred  to  me,  that  (his  dett^  might  be 

remedied,  were  borax,  in  its  (hin  and  penetrating  fiate  of  fu- 

fion,  applied  to  the  iniide  of  the  tube ;  at.d  (hat  the  pores  of  the 

porcelain  might  thus  bo  clofed,  as  thole  of  leather  are  clofed 

by  oil,  in  an  air-pump.     In  this  view,  I  rammed  the  carbonate 

into  a  fmall  tube,  and  farrounded  it  with  pounded  gluts  of  bo- 

raXj  which,  as  foonas  the  heat  was  applied,  fpread  on  the  in- 

•  In  the  fame  temperature,  a  maf«  of  the  glaf;  of  equal  bulk 
would  undergo  the  liime  change  ;  but  it  would  occupy  an  hcur. 

"f  A  fubftancc  equally  cfHcacious  in  rtllraining  the   penetrating 

quality  ofbora;c,  was  difccvcred  hy  another  acciilcnt.    It  confifts 

cf  a  mixture  of  borax  and  common  fand,  by  which  a  fubdancc  is 

formed,  which,  in  heat,  a^Tumesthc  Hate  of  a  very  tough  paltc^  and 

becomes  haid  and  compafl  en  cooling, 

iidc 
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fide  of  the  \mrgei\ihe,  and  eflTedoally  dofed  its  pores.  In  this 
Bianner»  many  good  experiments  were  made  with  barrels  lying 
horizontally  in  common  muffles^  (the  arrangement  juft  do* 
fcribed  being  reprefented  in  Fig.  13.) 
Bcftniierialfor  I  was  thus  enabled  to  carry  on  experiments  with  thia 
**^'*  porcelain,  to  the  utmoil  that  its  ftrength  would  bear.     Bat  I 

was  not  fatisfied  with  the  force  fo  exerted ;  and  hoping  to 
obtain  tubes  of  a  fuperior  quality,  I  fpent  much  time  in  expe* 
riments  with  various  porcelain  compofitions.  In  this,  I  Co 
£tf  fucceeded,  as  to  produce  tubes  by  which  the  carbonie 
acid  was  in  a  great  meafure  retained  without  any  internal 
glaze.  The  beft  material  I  found  for  this  purpofe,  was  the 
pure  porcelain-clay  of  Cornwall^  or  a  coropofition  in  the 
proportion  of  two  of  this  clay  to  one  of  what  the  potters  call 
Cornijh'ficne,  which  I  believe  to  be  a  granite  in  a  ftate  of  de« 
compofition.  Thefe  tubes  were  feven  or  eight  inches  long, 
with  a  bore  tapering  from  1  inch  to  0.6.  Their  thic^nefs 
was  about  0.3  at  the  breechi  and  tapered  towards  the  muzzle 
to  the  thinntfs  of  a  wafer. 
Ibipioveiaeiit  l»y  I  now  adopted  a  new  mode  of  operation,  placing  the  tube 
'oSSlv^  *****  vertically,  and  not  horizontally,  as  before.  By  obferving  the 
thin  flate  of  borax  whilft  in  fufion,  I  wa«  convinced,  that  it 
ought  to  be  treated  as  a  complete  liquid,  which  being  fupport* 
ed  in  the  courfe  of  the  experiment  from  below,  would  fecure 
perfedl  tightnefs,  and  obviate  the  failure  which  often  happen* 
ed  in  the  horizontal  poiition^  from  the  falling  of  the  borax  to 
the  lower  iide. 
Pardeubr  de-  In  this  view,  (fig.  16.)  I  filled  the  breech  in  the  manner 
Knptwnof  the  ^efd-jbcd  above,  and  introduced  into  the  muzzle  fome  borax 
(C)  fupported  at  the  middle  of  the  tube  by  a  quantity  of 
filex  mixed  with  the  bottle  glafs  (B).  I  placed  the  tube,  fo 
prepared,  with  its  breech  pluQged  into  a  crucible  filled  with 
land  (£),  and  its  muzzle  pointing  upwards.  It  was  now  my 
objed  to  apply  heat  to  the  muzzle-half,  whild  the  other  re- 
mained cold.  In  that  view,  I  conHrufled  a  furnace  (figs.  ]4f 
•nd  15.)  liaving  a  mufHe  placed  vertically  [c  d,)  furround- 
ed  on  all  fides  with  fire  {e  e),  and  open  both  above  (at  c], 
snd  below  (at  d).  The  crucible  jull  mentioned,  with  its 
lobe,  being  then  placed  on  a  fupport  diredlly  below  the  ver- 
tical mufile,  (as  reprefented  in  fig.  ]  4'.  ai  F)  it  was  raifed,  fo 
Ib^  the  half  of  the  tube  ne^t  the  muzzle  was  introduced  into 

tha 
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the  (ire*    In  confequence  of  this  tl)e  borax  was  feen  from 
above  to  melt,  and  run  down  in  the  tube,  the  oir  contained  in 
the  powder  efcaping  in  the  form  of  bubbles,  till  at  lafl  the 
borax  flood  with  a  clear  and  fleady  furtace  like  that  of  water. 
Some  of  thif  fait  being  thrown  in  from  above,  by  means  of 
a  tube  of  gfafs,  the  liquid  furface  was  raifed  nearly  to  the  muz* 
iitg  and,  after  all  had  been  allowed  to  become  colfi»  the  po* 
fition  of  the  tube  was  reverfed ;  the  muzzle  being  now  plun« 
ged  into  the  fand,  (as  in  fig.  17.)  and  the  breech  introduced 
into  the  muffle.    In  feveral  experiments,  I  found  it  anfwer 
well,  to  occupy  great  part  of  the  fpace  next  the  miizxie,  with 
a  rod  of  fand  and  clay  previoufly  baked,  (fig.  19.  K  K)}  which 
was  either  introduced  at  firft,  along  with  the  pounded  borax, 
ort  being  made  red  hot,  was  plunged  into  it  when  in  a  liquid 
i^ate.     In  many  cafes  I  aififted  the  coropaflnefs  of  the  tube  by 
means  of  an  internal  glaze  of  borax  ;  the  carbonate  bein^^  pla* 
ced  in  a  fmall  tube,  (as  (hewn  in  fig.  18.) 

Thefe  devices  anfwered  the  end  propofed.    Three- fourths  Effed  of  n* 
of  the  tube  next  the  muzzle  was  found  completely  filled  with  ^^^^f* 
a  mafs,  having  a  concave  termination  at  both  ends,  (/"and  g  opoii  cht  tub 
figs.  17,  18,  19.)  (hewing  that  it  had  (lood  as  a  liquid  in  the 
two  oppoiite  portions  in  which  heat  had  been  applied  to  it. 
So  great  a  degree  of  tightnefs  indeed  was  obtained  in  this 
Way,  that  I  found  myfelf  fubjeded  to  an  unforefeen  fource  of 
failure.     A  number  of  the  tubes  failed,  not  by  explofion,  but 
by  the  formation  of  a  minute  longitudinal  fiffure  at  the  breech, 
through  which  the  borax  and  carbonic  acid  efcaped.     I  faw 
that  this  arofe  from  the  expanfion  of  the  borax  when  in  a  li- 
quid ftate,  as  happened  with  the  fufiblc  metal  in  the  experi- 
ments with  iron-barrels ;  for,  the  crevice  here  formed*  indi- 
cated the  exertion  of  fome  force  acting  very  powerfully,  and 
to  a  very  fmall  diftance.     Accordingly,  this  fource  of  failure 
was  remedied  by  the  introdufiion  of  a  very  fmall  air-tube. 
This,  however,  was  ufed  only  in  a  few  experiments. 

In  the  courfc  of  the  years  J  801,   IS02,  and  1803,  I  made  a  Thefe  ezperS« 

number  of  experiments  by  the  various*  methods  above  defcrib-  "**"^  7*'*. 
J  .  ■  ■'  upon  the  who 

ed,  amounting,  together  with  thufe  made  in  gun  barrels,  to  fuccef&fuU 
one  hundred  and  fifty-fix.  In  an  operation  fo  new,  and  in 
which  the  apparatus  was  drained  to  the  utmofi  of  its  power, 
conflant  fuccefs  could  not  |be  cxpefledf  and  in  fa£l  many  expe- 
riments fiiiled,  wholly  or  partially.  The  refult^  however, 
S  upon 
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apon  the  whole,    were   fati^fadory,   fioce  thej'^  Ceeawd 
cflablifh  ibme  of  the  elfenlial  points  of  this  inqairy. 

Thefe  experiracnls  prove,  that,  by  mechanical  confininCf 
the  carbonate  of  lime  can  be  made  to  undergo  ftrong  beitt 
without  calcination^  and  to  retain  almod  the  whole  of  Us  eu^ 
bontc  acid,  which,  in  an  open  fire,  at  the  fame  lemperaliire^ 
would  have  been  entirely  driven  off:  and  that,  in  ihefe  ciN» 
cumflances,  heat  prcxluces  fome  of  the  identical  effedi  aferib^ 
ed  to  it  in  the  Huttonian  Theory. 
Pounded  car-         By  this  joint  aflion  of  heat  and  prcfTjre,  the  carbonate  of 
,onatc  ot  lime    y^^^  ^,^-^  ^^  ^        introduced  in  the  ftate  of  the  fioeft 

n  itsfeveral 

^<iricties  became  powder,  is  agglutinated  into  a  firm  mafs^  polTcfling  a  degree 
^giucma^d into Qf  jjj^rdnefs,  compadnefs,  and   fpecific  gravity*  nearly  ap- 
proaching to  thefe  qualities  in  a  found  limefione;  and  feme 
of  the  refults,    by  their  falinc  fradlure,  by  their  femitianf^ 
parency,  and  their  fufceplibility  of  polill),  deferve  the  nam^ 
of  marble. 

The  tame  trials  have  been  made  with  all  calcareous  fab— 
Hances ;  with  chalk,  common  limefione,  marble,  fpar*  and 
the  (hells  ofriih.  Ail  ha\e  IhcAu  tlic  fame  general  property « 
with  fome  varieties  a<i  lo  temperature.  Thus,  I  found,  tha^« 
in  the  fame  circumftariccs,  chalk  was  more  fuiceptible  of  a^— 
glulination  liian  fpar ;  the  latter  requiring  a  heat  two  degrees 
higher  than  the  former,  to  bring  it  to  the  fame  pitch  of  ag;-* 
glulinaiion. 

The  chalk  ufed  in  my  fird  experiments,  always  aflumed  the 
chdracicr  of  a  yellow  marble,  uv\ing  probably  to- fome  (light 
contamination  of  iron.  When  a  folid  piece  of  chalk,  whole 
bulk  had  been  previoully  mealured  in  the  gauge  of  Wedgwooir* 
pyrometer  \\a^  fubmittcd  to  heat  under  compreflion^  its  con* 
tiaj)i:)n  was  remarkable,  proving  the  approach  of  the  particles 
during  their  confolidation  ;  on  ti:efe  oceari(>ns,  it  was  found 
lo  (brink  three  times  more  than  the  p)  rometcr-pieces  in  the 
fame  temperaiure.  It  loft,  too,  aimolt  eniirely,  its  power  of 
iinbir)ing  water,  and  acquired  a  great  additional  fpecifie 
gravity.  On  fevcral  ocea(ions,  I  obfcived,  that  malles  of* 
chalk,  which,  before  the  experiment,  had  Hie wn  one  uniform 
character  ot  whileiiefs,  alfumed  a  firatified  appearance,  in- 
<iicated  by  a  feiiLS  of  parallel  layers  of  a  brown  colour.     Tiiii 

•  Sec  Appendix, 

6  circumRance 
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oiinmftance   may  hereafter   throw  h'ght  on  the  geological 
kifbry  of  this  extraordinary  fubflance, 
I  have  faid.  that,    by  mechanical  conftraint^    alroo/l  the  ^"^  "?°* "/ 

carbonic  acid 

whole  of  the  carbonic  acid  was  retained.     And,  in  truth,  at  ^as  retained. 

ihtt  period,  fome  lof«  of  weight  had  been  experienced  in  all 

iIk  experiments  both  with  iron  and  porcelain.     But  even  this 

drcumflance  is  valuable,  by  exhibiting  the  influence  of  the 

cirbonic  acid,  as  varied  by  its  quantity. 

When  the  lofs  exceeded  10  or  15  per  cent*  *  of  the  weight  Qualitfcf  oft 

cf  the  carbonate,  the  rcfull  was  always  of  a  friable  texture,  jj[?^^gg,,^i*' 

lod  without  any  ftnny  charaf^er ;  whe:)  lefs  than  two  or  three  the  lofs  of  ca 

peraAl.  it  was  coiifldered  as  good,  and  pofTeflfed  the  properties    ^*^  ** 

of  I  natural  carbonate,     in  the  intermediate  cafeis,  when  the 

Ut amounted,  fur  inHance,  to  fix  or  eight  percent,  there* 

fttU  was  fometimes  excellent  at  firil,   the  fubflance  bearing 

cvojrtppea ranee  of  foundncfs,  and  often  pofTeifing  a  high  cha- 

rader  of  cryftallization ;  but  it  wa<;  unable  to  rcfifl  the  ac« 

tiunof  the  air;  and,  by  attrn^ling  carbonic  acid  or  moiilure, 

or  both,  crumbled  to  dufl  more  or  lefs  rapidly,  according  to 

circumftanccs.     This  fcems   to  prove,  that  the  carbonate  of 

lime,  though  not  t'uljy  faluraled  wiih  carbonic  acid,  may  pof- 

kk  ihe  properties  of  liir.eftone ;  and  peihaps  a  difference  of 

lliiikind  may  exiii  among  natural  carbonates,  and  give  rife  to 

Ibeir different  degrees  of  durability, 

I  have  obferved,  in  ninity  cafi.":,  that  the  calcination  has 

reached  only  to  a  certain   dcpih  into  the  mafi ;  the  internal 

part  remaining  in  a  (tale  of  complete  cat  bonate*  and,  in  ge- 

wral,  of  a    very  fine  (j  laiitv.     The  p?.rtlal  calcination  feems 

fiiuilo  take  place  in  two  difFiTcnt  mod'^s.     By  one,  a  fmall 

proporlii.n   of  cnrbonic  acid   is  taken   from  each   particle  of 

rarfaonaic  ;  by  the  other,  a  piulioii   of  the  carbonate  is  quite' 

caiciited,  v\hik-  the   rt:fi  i^;  l.-'t  enJire.      Prrhaps  one  refult  is 

Ihc  tlT'O,  ri\'  a  fcrbic  cJ..  iiiing   c.iufc,  af^inj;  during  a  long 

time,  and   tiie  other   uf  a  ltroi*.g  caufe,   acling  for  a  ihort 

time. 

Some  of  the  refult s  which  (ecraed   the  moft  pe rfe ft  when  Some  refulti 

fir  ft  produced,  have  been  fnbjt'rt  to  dec  ay,  owing  to  partial  J^"*  J^ 

calcinaticin.     It  happened,  in  ibmc  dcg.-ve,  to  the  beautiful  partial  caliiw 

tion. 

•  I  Ijave  found,  that,  in  open  fire,  the  entire  lofs  iuftainid  by  th« 
cafbor.;itc  varies  in  dilfeient  kindj  frcm  ^2  tu  45.3^/^.**  a/i/. 

ipecimen 


Ty  flufiy 
rednnUe 
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fpecimen  produced  on  the  3d  of  March,  1801,  though  a  frdl 
fracture  iiasreiiorod  it. 

A  fpeciincn,  loo,  ot  inarble,  formed  frompoanded  fpafi  ontb 
15lh  of  Ma^,  1 801 ,  W2L%  f'o  complete  a<  to  deceive  the  workmii 
employed  to  polifti  it,  wiio  declared,  that,  were  the  fubfiana 
a  little  whiter,  the  quarry  frofn  which  it  was  taken  wooM  h 
of  great  value,  if  it  lay  within  reach  of  a  market.  Yet«  iai 
few  weeks  after  its  formation,  it  fell  to  duft. 

Numbcrlefii  fpecimcns,  however,  have  been  obtained,  whid 
refift  the  air,  and  retain  their  polifh  as  well  as  any  niaiUc 
Some  of  them  continue  in  a  pcrfett  flatef  though  thej  hiv 
been  kept  without  any  precaution  during  four  or  five  year 
That  fet,  in  particular,  remain  perfectly  entire,  which  wa 
(hewn  lad  year  in  this  Society,  though  fome  of  them  we 
made  in  17i^9,  fome  in  1801  and  1802.  and  though  theft 
eleven  were  long  Ibaked  in  water,  in  the  trials  made  of  the 
fpecific  gravity. 

A  curious  circum  fiance  occurred  in  one  of  thele  expei 
ments,  which  may  hereafter  lead  to  important  confequence 
Some  rufi  of  iron  had  accidentally  found  its  way  into  t! 
tube  :  10  grains  ot  carbonate  were  ufcd,  and  a  heat  of  23^  Wi 
applied.  The  tube  had  no  Haw  ;  but  there  was  a  certain 
that  the  carbonic  acid  had  efcaped  through  its  pores.  Wh( 
broken,  the  place  of  the  carbonate  was  found  occupied,  part 
by  a  black  il^ggy  matter,  and  p.irtly  by  fphericles  of  vario 
fizet,  from  that  of  a  fmull  ]v\i  downwards,  of  a  white  fa 
fiance,  which  proved  to  be  <]iiick!ime;  the  fphericles  beii 
interfperfed  tiirough  th.e  lu-^^,  :i>  ipar  and  agates  appear 
whinlione.  The  fl.ig  lia'i  ce: Minly  been  produced  bv  a  mi 
ture  of  the  iron  with  the  t'itblu::cc  of  the  lube;  and  the  fph 
ricaJ  form  of  the  (jiiicklimu  feein.s  to  Qicw,  that  the  carbons 
had  been  in  tulion  along  with  (lie  flag,  c>.nd  that  they  h 
feparated  on  the  eicMpe  ol  the  carbonic  acid. 

The  fubject  was  carried  thii>  far  in  1803,  when  I  (hou 
probably  have  publiilioii  my  ovperiments,  Iiad  I  not  been  i 
duced  to  profccule  the  inquiry  by  certain  indicationsi  ai 
accidental  refuits,  of  a  nature  too  irregular  and  uncertain 
meet  the  public  eye,  but  which  convinced  me,  that  it  w 
poQihIe  to  ciiablidi  by  experiniCnt  the  truth  of  all  that  w 
bypothetically  alTumcd  in  (he  Hultonian  theory. 
narsTourto  The  principal  objcfl  wa<;  v.nw  to  accomptidi  the  entire  J 
nprovc  the  ex*  g^^  gf  ^^^  carbonatc,  and  to  obtain  ff.ar  as  the  refull  of  tl 


tiiiDcati  by 


fa(i( 
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fttf oii|  in  iaitatfen  tf  what  we  conceive  to  bars  taken  placepreTenting  an 

It  was  likewife  important  to  acquire  the  power  of  retaintng  the  carbonate. 
all  the  carbonic  acid  of  the  carbonate,  both  on  account  of  the 
h&  liMf,  and  on  account  of  its  confequences ;  the  refoll  be- 
ing vifibly  improved  by  every  approach  towards  complete  la* 
loration.  I  therefore  became  anxious  to  inveftigate  the  caufe 
of  the  partial  calcinations  which  had  always  4aken  place,  to 
a  greater  or  lefs  degree^  in  all  thefe  experiments.  The  quef* 
tion  naturally  fuggefts  itfelf.  What  has  become  of  the  car* 
bonic  acid,  feparated  in  thefe  partial  cakinations  from  th» 
earthy  bafis?  Has  it  penetrated  the  veflel,  and  efcaped  en- 
tirely, or  has  it  been  retained  within  it  in  a  gafeous,  but 
highly  comprefled  (late  ?  It  occurred  to  me,  that  this  quef- 
tton  might  be  eafily  refolved,  by  weighing  the  veiTel  before 
and  after  the  adion  of  heat  upon  the  carbonate. 

With  irony  a  conftant  and  inappreciable  fource  of  irregula- By  experiment  it 
rily  extfted  in  the  oxidation  of  the  barrel.     But  with  porce^  J|^^^^^^ 
lain  the  thing  was  eafy ;  and  I  put  it  in  pradice  in  all  my  ex*  vitiated  \Jbe  re- 
periments  with  this  material,  which  were  made  after  the  quef-  ""^ 
tion  had  occurred  to  me.    The  tube  was  weighed  as  foon  as  ita 
muaele  was  clofed,  and  again,  after  the  breech  had  been  ex- 
pofed  to  the  fire;  taking  care,  in  both  cafes,  to  allow  all  to 
cool.     In  every  cafe,  I  found  fome  lofs  of  weight,  proving, 
that  even  in  the  beft  experiments,  the  tubes  were  penetrated 
to  a  certain  degree.      I  next  wiflied  to  try  if  any  of  the 
carbonic  acid  feparated,  remained  within  the  tube  in  a  gafeous 
form ;  and  in  that  view,  I  wrapt  the  tube,  which  had  juft 
been  weighed,  in  a  (heet  of  paper,  and  placed  it,  fo  furronnd- 
cd,  on  the  Icale  of  the  balance.    At  foon  as  its  weight  was 
afcertained,  I  broke  the  tube  by  a  fmart  blow,  and  then  re*     ' 
placed  upon  the  fcale  the  paper  containing  all  the  fragmenta. 
In  tbofe  experiments,  in  which  entire  calcination  had  takea 
place,  the  weight  was  found  not  to  be  changed,  for  all  the 
carbonic  acid  had  already  efcaped  during  the  a^on  of  heat* 
But  in  the  good  refults,  I  always  found  that  a  lofs  of  weight 
was  the  confequence  of  breaking  the  tube. 

Thefe  fads  prove,  that  both  caufes  of  calcination  had  ope-  With  ^orcelaia 
rated  in  the  porcelain  tubes ;  that,  in  the  cafes  of  fmall  lofs,  ^^  ^'l^?**^ 
part  of  the  carbonic  acid  had  efcaped  through  the  yeifely  and  exifted  abng 
Ibat  part  had  been  retained  within  it.    I  had  in  view  methods  ^  tlie  efcapt 
Vol.  XIII.—SuPFtEMBNT.  E  e  1^^ of  thtacM. 
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heats. 


by  which  (he lad  could  be  counteraded ;  bnt  I  favr  no  ramad^. 
for  the  firft.    I  began,  tlierefore^  to  defpair  of  ullimale  fModr^ 
with  tabes  of  porcelain  *. 
Thefe  hft  GOttU     Another  circumHance  confirmed  me  in  (his  opmion.    f- 
MC  bearekTsted  j^^^^  j^  impraaicable  to  apply  a  heat  above  21«  lo  Hiefelobfl^  ■ 
when  charged  as  above  with  carbonate,  without  deflrayag 
(hem,  either  by  explofion,    by  the  formation  of  a  minlv 
rent,  or  by  the  a£lual  fwelling  of  the  tube.     Somettnes  Ifait 
fwelling  took  place  to  the  amount  of  doubling  the  inlemi 
diameter,  and  yet  the  porcelain  held  tight,  the  carboiate  fit** 
taining  but  a  very  fmall  lofs.     This  dudlility  of  the  porcdMB' 
in  a  low  heat  is  a  curious  fafl,  and  (hews  what  a  ranp  nf 
temperature  is  embraced  by  the  gradual  trandtion  of  foae 
fubAances  from  a  folid  to  a  liquid  fiate :  For  the  fame  poi»> ' 
Iain,  which  is  thus  fufceplible  of  being  (Iretcbed  out  wilhiit 
breaking  in  a  heat  of  27^,  (lands  the  heat  of  152^,  witboifc 
injury,  when  expofed  lo  no  violence,  the  angles  o(  its  friAM 
remaining  (harp  and  entire. 


Ixpcricntnts 
with  gun  bar « 
rels  reTumed, 


IV. 

Experiments  in  Gun-Barieh  rcfumed,^-T!ie  Vertical  Appcratn 
applied  to  theni, — Barrelt  bored  in  folid  Bars.^^^Old  Sokk 
Iron, — Fujion  of  the  Carbonate  cf  Lime, — Its  JSitm  m 
Porcelain, — Additionaf Apparatus  rtqmred  in  Confiqueme  ff 
that  A6lion» — Good  RcfuUs ;  in  particular^  four  ExpenmaiMt 
illufirating  the  Theory  of  Internal  Calcination,  ondJkasiMg 
tfie  EJUicacif  of  the  Carbonic  Acid  as  a  Flux, 

SINCE  I  found  that,  with  porcelain  tubes,  I  could  na'tkr 
confine  the  carbonic  acid  entirely,  nor  expofe  (be  luibuil^ 
in  them  to  flrong  heats;  I  at  lafl  determined  to  lay  them  afidcb 
and  return  to  barrels  of  iron,  with  which  I  had  formerlj  ob- 
tained fome  good  refuits,  favoured,  perhaps,  by  fomt  w> 
cidental  circum (lances. 

^  I  am  neverthelefs  of  opinion,  that,  in  feme  fituations»  eipajr 
meuts  vith  coniprcflion  may  be  carried  on  with  great  cafe  and  «{• 
vantage  in  fuch  tubes.  I  allude  to  the  Htuation  of  the  geolagifa 
of  France  and  Germany,  who  may  cafily  procure,  from  their 
maMifaflorres,  tubes  of  a  quality  far  fup<rior  to  any  thing' 
for  fale  in^ii  country. 
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Onthe  ISth  of  February «  1803i  I  began  a .  feries  of  ex^  In  a  Tcrtkal 
perinkeittl.witb  giin-barrels,  reTttiiiing  my  former  method  ^f^^^^'^^ 
working  with  Ihe  fufiUe.metaU  and  wilh  lead;  but  altering  wardi,  tnd 
this  pofitMMl  of  the  barrel  from  horizontal  to  vertical ;  the  breech  f*?Sf^^ 
being  placed  upwards  during  the  adion  of  heat  on  the  car* 
booate.    This  very  fimple  improvement  haa  been  produdive 
of  advantages  no  left  reroarkabiei  than  in  the  cafe  of  the 
lubei  of  poncelatn.     In  this  new  pofiu'on,  the  included  air, 
quitting  the  air-tube  on  the  fufion  of  the  metal»  and  rifing  to 
the  breechf  is  expofed  to  the  grealed  heat  of  the  furnace,  and 
muft  therefore  read  wilh  its  greateft  force ;  whereas#  in  the 
horizontal  pofilion,  that  air  might  go  as  hr  back  as  the  fbiioii 
of  the  metal  reached,  where  its  elafticity  would  be  much 
feebler.   The  fame  difpolition  enabled  me  to  keep  the  muzzle 
of  the  barrel  plunged,  during  the  adion  of  heat,  in  a  veflel 
111  led  with  water;  which  contributed  very  much  both  to  the 
convenience  and  faiety  of  thefe  experiments. 

In  this  view,  making  ufe  of  the  brick-furnaoe  with  the  I>ejrcriptioo  ina 
vertical  muffle,  already  defcribed  in  page  384,  I  ordered  J^|^*^  ** 
a  pit  (tf  a  a  Jig.  20.)  to  be  excavated  under  it,  for  the  purpofe 
of  receiving  a  water-veflfel.  This  veflel  (reprefbnted  feparate* 
iyi  Jig.  21.)  was  made  of  cad  iron ;  it  was  three  inches  in 
diameter,  and  three  feet  deep ;  and  Iiad  a  pipe  {d  e)  ftriking 
off  from  It  at  right  angles,  four  or  five  inches  below  its  rim, 
communicating  with  a  cup  [ej)  at  the  diflance  of  about  two 
feet.  The  main  veflfel  being  placed  in  the  pit  (a  a)  diredly 
below  the  vertical  muffle,  and  the  cup  (landing  dear  of  the 
furnace,  yvatcr  poured  into  the  cup  flowed  into  the  vefleli 
and  could  thus  conveniently  be  made  to  (land  at  any  leveL 
(The  whole  arrangement  is  reprefented  in  fig.  20.)  The 
muzzle  of  the  barrel  {g)  being  plunged  into  the  water,  and 
its  breech  (6)  reaching  up  into  the  muffle,  as  far  as  was  (bond 
convenieDt,  its  pofition  was  fccured  by  an  iron  chain  (g/)^ 
The  heat  communicated  downwards  generally  kept  the  furftcc 
of  the  water  (ate)  in  a  dale  of  ebullition ;  the  wafte  thus 
occafioned  being  fupplied  by  ineans  of  the  cup,  into  which, 
if  Deoe(fiiry,  a  conliant  dream  could  be  made  to  flow. 

As  formerly, ,  I  rammed  the  carbonate  into  a  tube  oi  porce^ 
lain,  and  placed'  it  in  a  cradle  of  iron,  along  with  an  air-tube 
and  a  pyrometer;  the  cradle  being  fixed  to  a  rod  of  iron, 
which  rod  I  now  judged  proper  to  make  as;brg«  as  the  barrel 

£e2  would 
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'  wiOttU  admit.  In  order  to  exdadc  as  much  of  the  fufible  me- 
tal as  poiSblo;  for  the  espanfkm  <if  the  Tiiiuid  aieial  being  in 
proportion  to  the  quantity  heated,  the  moi^  that  cpiantitj 
GOttId  be  redocedy  the  lefi  rift  there  was  of  deHroying  the 
barrels* 
Simple  mode  of      In  the  Goorfe  of  pradice,  a  (iniple  mode  occurred  of  femov* 
'^^^^!^^S^^H  ^  »«<a^  ^nd  withdrawing  the  cradle:  H  coniiiled  in 
tlie  tnbe*  placing  the  barrel  wiih  Hi  muxzle  downwards,  fo  as  to  keep 

the  breech  above  the  furnace  and  cold,  while  its  muaale  was 
expofed  to  Arong  heat  in  the  muffle.  In  this  manner,  the 
metal  was  ditcharged  from  the  muzzle,  and  the  pofition  of 
the  barrel  being  lowered  by  degree«»  the  wliole  metal  was 
renatfved  in  fucceffion,  tiH  at  laft  the  cradle  and  its  contents 
became  entirely  loofe.  As  (he  metal  was  delivered,  it  was 
received  in  a  crucible,  filled  with  water,  (landing  on  a  plate 
of  iron  placed  over  the  pit,  which  had  been  nfed,  during 
the  firil  flage  of  the  experiment,  to  contain  the  water-vefleU 
'  It  was  found  to  be  of  fervice,  efpecially  where  lead  was  ufed, 
'  to  give  much  more  heat  to  the  muzzle  than  fimply  what  was 
fecfoired  to  liquefy  the  metal  it  contained  ;  for  when  this  was 
not  done,  the  moaie  growing  ooId4M  the  breech  was  heating, 
feme  of  the  metal  delivered  from  the  breech  was  congealed 
at  the  amagale,  fo  as  to  (lop  the  pai&ge. 

According  to  this  method,  many  experiments  were  made 
in  gunUsarrels,  by  which  fome  very  material  (leps  were  gain- 
ed in  the  inveftigation* 
Eiperiment  !ii       On  the  24'th  of  February,  I  made  an  experiment  with  fpar 
thenewiMthod«9nd  ohalk  ;  the  fpar  being  placed  neareft  to  the  breech  of  the 
barrel,  and  expofed  to  the  greatell  heat,  fome  baked  clay  in- 
tervening i}etween  the  carbonates.     On  opening  the  barrel,  a 
loog«continued  hifling  noife  was  heard.     The  fpar  was  in  a 
flate  of  entire  calcination  $  the  chalk,  though  crumbling  at 
the-out(ide,  was  uncommonly  hard  and  Arm  in  the  heart.  The 
teaaperature  had  rilen  to  32«. 
Internal  cald-     .   In  Ibis  experiment,  we  have  the  fird  clear  example,  in  iron 
Sfwbode"    ''"'•'•»  ^  wb»^  ^  call  Internal  Caldnatim ;  that  is  to  fay,  where 
acid  did  not        the  carbonic  acid  leparated  from  (he  earthy  baii<,  lias  been 
^upe  out  of      aocamukted  in  cavities  within  the  barrel.     For,  fubfecjoently 
*^^*"  "**    to  the  adion  cX  (hong  heat,  the  barrel  had  been  completely 
cooled ;  ibe  air  therefore  introduced  by  means  of  the  air- 
tube^  mnft  have  lefumed  its*  original  bulk,  and  by  itfelf 'coiihi 
1  .     t  *  have 
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hive  iiQ  imdency  to  ru(b  out ;  the  best  eaployed  to  open  the 
berrel  being  barely  (iifficient  to  follen  the  metal.  Since,  thea» 
(be  opeaii^  of  the  barrel  wat  accofflpanied  by  tlie  dificharge  of 
eiaflic  matter  in  great  abandance.  it  is  evident,  that  thit  maft  ■  - 
bave  proceeded  from  fomething  fuperadded  to  the  air  originally 
fDcladed^  which  could  be  nothing  bet  the  .carbonic  aetd  of 
4be  carbonate.  It  foUowsi  that  the  calcination  bad  bees,  io 
part  at  leaft,  internal;  the  feparation  of  the  acid  from  the 
earthy  matter  being  complete  where  the  heat  was  fiiongeft, 
and  only  partial  where  the  intendty  was  leiiu 

The  chemical  priticiplei  dated  in  a  former  part  of  tbis  Part  of  the  in. 
paper,  aulhorifed  us  to  exped  a  refult  of  tbts  kind.  As  ^^^^J^^ 
lieat,  by  increafing  the  tolatility  of  the  acid,  tended  Io  another  part  re 
Separate  it  from  the  earth,  we  had  reafoo  to  expea,  that,  ^^^'^'  ^'^ 
4iQder  the  fame  compreffion,  bat  in  difierent  temperatures,  this  faa. 
one  portion  of  the  carbonate  might  be  calcined,  and  another 
not :  And  Ibat  the  leaft  heated  of  the  two,  would  be  the  lead 
«xpofed  to  a  change  not  only  from  want  of  heat,  but  like- 
wife  in  confequence  of  the  calcination  of  the  other  mafs ; 
for  the  carbonic  acid  difengaged  by  the  calcination  of  the 
hotteft  of  the  two,  muH  have  added  to  the  elafticity  of  the 
confined  elaftic  fluid,  fo  as  to  prodoce  an  increafe  of  com- 
preflion.  By  this  means,  the  calcination  of  the  coldeil  of  the 
two  might  be  altogether  prevented,  and  that  of  the  hotteil 
might  be  hindered  from  making  any  further  advancement. 
This  reafoning  Teemed  to  explain  the  partial  calcinations 
which  had  frequently  occurred  where  there  was  no  proof  of 
leakage ;  and  it  opened  fome  new  pra^ical  views  in  thefe 
experiments,  oi*  which  I  availed  m)relf  without  lofs  of  time. 
If  the  internal  caictnatton  of  one  part  of  an  inclofed  mafs, 
promotes  the  comprefljon  of  other  maffes  included  along  with 
.it,  I  conceived  that  we  might  forward  our  views  very  much  by 
placing  a  fmall  quantity  of  carbonate,  carefully  weighed,  in 
the  lame  barrel  with  a  large  quantity  of  that  fubllance  i  and 
by  arranging  matters  fo  that  the  fmall  fiducial  part  iliould 
undergo -a  moderate  heat,  while  a  fironger  heat,  capable  of 
4>roducing  internal  calcination,  Qiould  be  applied  to  the  reft 
-of  the  carbonate.  In  this  manner,  I  made  many  experiments, 
and  obtained  refults  whicii  (eemed  to  confirm  tl)is  reafoning, 
and  which  were  often  very  fatisfa^ory,  though  the  heat  did 
not  always  exeit  its  greateA  force  where  I  iolcoded  it  to 

On 
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tiperiinenl.  O"  "'«  23lh  of  February,  I  inltoduceH  fun 

CvbcnuKturiiycuraiciy  M'dghed,  iiiloa  fmftti  porcelain  lube,  placed  tvj 
MitiVri'eJ  of  '"i^^'  one,  [lie  red  oi  ilie  large  lube  being  filled  with 
_|cahHiic  Kid.     cbalk  i  ihclc  cafbonaicRt  togciliet  wilh  Tome  pieces  of 
placed  along  with  ilic  Iiirgc  lube  in  ihe  cradle,  wet] 
all  195.7  grains.     On  opening  Ilie  barrel,  air  rudied 
a  long-con  1 1  nued  hilling  noil^.    Tbe  contenis  of  the  Kl 
were  [oft  by  ihe  inlrulion  of  fome  boiaK  Aliii'h  had 
iroduced  over  the  lilex,  in  order  to  exclude  (he  tufifale 
£ut  ihe  rei)  ol  the  caibonale,  contained  in  the  large  lu) 
out  in  a  line  flale,  being  porout  and  frothy  (hronghoul  i 
ling  every  where  with  t'acciis,  ihe  angular  form   of 
was  diAingiiilhable  in  Come  of  the  cayilief    by  h^ip  JlTl 
lent:  in  fame  jr-arls  ilie  fubftance  exbibiled  the  roundiiq^df 
fufion  ;  in  many  it  v:a%  in  a  high  degree  IrBnfparent.    It  mt 
yellow  lowardi  the  lower  end,  and  at  thi:  oiliuralmofi colon* 
Ufs.     At  ihc  upper  end,  the  carbonate  fLtmed  to  have  uniud 
with  Ihc  lube,  and  at  the  placet  ol'coniiucl  to  have  fpread  up- 
on ilj  the  union  having  ihe  appearance  ol  a  mutual  afiien. 
The  general  ntsfi  of  carbonate  elfervefced  in  acid  Viotfntly, 
but  the  ihin    tlralum  immediately   contiguous  to  ibe  tube, 
feebly,  if  at  all. 
.;.       On  the  3d  of  March,  f  introduced  into  a  very  clean  tofae  of 
''!>  porceijin  36.8  of  (.halk..     The  lube  wa^  placed  in  tlie  upper 
i,j   part  of  ihe  cradle,  the  remaining  fpace  being  filled  wiili  iwo 
piec€i  of  chalk,  cut  tor  ihe  purpole  i  ihe  up^rmoft  of  Ihcfe 
being  excavated,  fu  an  to  ani'wer  Ihe  purpofc  of  an  ait-tobe. 
The  pieces  thus  added,  were  computed  to  weigh  about  300 
grains.  There  was  no  pyrometer  ufed ;  but  Ihe  heat  was  goelfed 
lube  about  30".  After  the  barrel  had  fiood  during  a  lew  cainuttt 
in  ii«  delivering  pofiiion,  the  whole  lead  with  the  rod  ind 
cradle,  were  thrown  out  with  a  fmart  report,  and  with  cod. 
liderablc  torce.     The  lowermofl  piece  of  chalk  had  fcarccly 
been  a£)ed  upon  by  heal.  Theupper  pan  of  ilic  other  piece  wai 
in  •  flute  oi  marble,   with  fome  reniaikable  facettes.     Thecsr^ 
bunate,  in  the  litile  tube,  had  flirunk  very  much  during  the 
6r(1  aflion  of  heat,  and  had  begun  to  fink  upon  itliill,  by  a  fur- 
ther idvsnremenl  towards   liquclaclion.     The  msfs  wai  di- 
vided into  fevers!  cylinders,  lying  confufedly  npon  each  other  t 
this  divifion  arifing  from  the  miuiner  in  which  the  pouiidc4 
chalk  was  rammed  into  the  tube  in  fuccelSve  poiiions.    In 
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fevcnl  phoes,  particularly  at  the  top,  the  carbonate  was  very 
poroQS,  and  full  of  decided  air-holes,  which  could  not  hav«  ' 
been  formed  bat  in  a  foft  fubftance ;  the  globular  form  and 
Ibining  furface  of  all  ihefe  cavities,  clearly  indicating  fufion. 
The  fobftance  was  femitranfparent ;  in  foroe  places  yellow, 
and  in  fome  coloarlefs.  When  broken^  the  folid  parts  (bewed 
a  (aline  fra^re,  compofed  of  innumerable  fSurettes.  The 
4sarbona(e  adhered,  from  end  to  end,  to  the  tube,  and  in- 
corporated with  it,  fo  as  to  render  it  impoffible  to  alcertain 
what  lofs  had  been  fuQained.  In  general,  the  lineofconla6t  wai 
of  a  brown  colour;  yet  there  was  no  room  for  fufpeding  the 
prefence  of  any  foreign  matter,  except,  perhaps,  from  the  iron- 
rod  which  was  ufed  in  ramming  down  the  chalk.  But,  in  fub- 
lequent  experiments,  I  haveobferved  the  fame  brown  or  black 
colour  at  the  union  of  the  carbonate  with  the  porcebin  tubes.  | 

where  the  powder  had  been  purpofely  rammed  with  a  piece  of 
wood ;  fo  that  this  colour,  which  has  occurred  in  almoft  every 
iimilar  cafe,  remains  to  be  accounted  for.  The  carbonate  ef^ 
fervefced  violently  with  acid ;  the  fubfhince  in  contaft  with  the 
lube,  doing  fo,  however,  more  feebly  than  in  the  heart,  leav* 
ing  a  copious  depofit  of  white  fandy  matter,  which  is  doubtiefs 
a  part  of  the  tube,  taken  up  by  i\\e  carbonate  in  foiton. 

On  the  24th  of  March.  I  made  a  iimilar  experiment,  in  a  AiMtheres- 
fiout  gun-barrel,  and  took  fome  care,  after  the  application  of  J^JjJ'J^Jl^** 
heat,  to  cool  the  barrel  flowly,  with  a  view  to  cryftallization.  Saline  ftniftare 

The  whole  roafs  wa«  found  in  a  fine  ftate,  and  untouched  by  *P^  «ry*«tlj»» 

tion  prodttced  in 
the  lead ;  having  a  femitranfparent  and  faline  flru6ture,  with  cfcalk  previoufly 

various  facettes.     In  one  part,  I  found  the  moft  decided  cry-  po«a^» 

ftallization  I  had  obtained,  though  of  a  fmall  fize:  owing  to 

its  tranfparency  it  was  not  eafily  vifible,  till  the  light  was  made 

Co  refled  from  the  cryflalline  furface,  which  then  produced 

a  dazzle,  very  obfervable  by  the  naked  eye ;  when  examined 

by  means  of  a  lens,  it  was  feen  to  be  compofed  of  feveral 

plates,  broken  irregularly  in  the  fra^ure  of  the  fpecimen,  all 

of  which  are  parallel  to  each  other,  and  reflet  under  the  fame  1 

angle,  fo  as  to  unite  in  producing  the  dazzle.    This  ftru6ture 

was  obfervable  equally  well  in  both  parts  of  the  broken  fpeci* 

men.    In  a  former  experiment,  as  large  a  facette  was  obtain* 

ed  in  a  piece  of  folid  chalk ;  but  this  refult  was  of  more  con* 

feqoence,  ^  having  been  produced  from  chalk  previoufly 

poooded. 

The 
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expcnmenK  prnvrd  Uie  fupcrioT  rffit^^^f 

n  vedrln  over  lli»ro  of  porreliiii,  even  where  the  thiE^^H 

pniuij'»  ivcie    vial  nol  grciit ;  anil  [  peifeverrd  in  m*kitif;  a  >;real  ■■■UJ^^H 

hill  too  wealf.     perimenU  will)  gun-barrels,  by  which  1  ucvati'iti*!!)'  o^M^^H 

very  fine  re(ulis :    but  i  was  at    lall  convinced,  thit'l^H 

ihickncis  wainui  futiicieni  tu  enruretegulitsnd  (l«-«d)r  foM^^I 

For  lliia  purpufe,  il  »p))mrt'iJ  proper  to  emptoy  veirdi  rf^^H 

Iflrengltii  m  to  beat  a  grealer  exlianlivt:  tbrre  tlitn  wm  J*^^H 
c«fUry  ;  Tiiioe,  occalioiiBlly,  (owinj;  to  our  tgnorancv  a^^| 
I  wlatioii  be)  ween  tlic  vaiiout  lorce^  ofekpanfiun,  affinilyit^^H 

I  diy,  &:c.)  much  mote  I^tam  lias  been  given  lo  ihe  veSeli^^l 

I  was  recfuifite.     In  fucli  cal'es,  barteU  have  been  '''lll^^l 

I  which,  at  llie  rclulih  have  pfu^  ed,  had  afted  with    fii^^^l 

I  litenglh  duting  the  tirll  Hage*  ol  the  e?ip<>rimenl<,  ihoofH^^I 

■  had  been  unable  (o  tt  iili  i-.^c  fubfequenl  overilrain.     HH^^H 

I  faceef*  wiih  gun-barieU,  dL-jienileil  on  (he  good  ibrtd^^H 

I  having  iifed  a  force  no  moce  than   folticienl,  to  cooftni^^l 

I  caibutiic  acid,  ard  enablu  il  lu  a£t  ui.  a  dux  en  thS^^H 

I  1    tliereiuro    delcrniined    to    have   n^coutle   lo  itoa  H^^| 

I  ol  much  gicaier  fliength,  and  tiicd  vaiioui  mtxIeaLn^H 

[  ftiuclion.  -^^M 

^tttii  r^rmed  '  h'*''  ^'^^^  barrelt  executed  by  wrapping  a  ihidi  P^^^l 
^b^iii^giatollliion  round  a  mandrel,  a^  h  pradiled  in  the  lormalion  ofl^H 
which  p'iuv(d  ^'^^  i  aoil  hkewife  by  brini;^ig  ilie  iwo  Bji  lide<  M|^^^| 
tiultDi.  (o  at  to  unite  them  by  welding.     Thele  aiiemjilt,  bM^^f 

failed.      1  next  thuu^hl  of  prncuring  ban  u)   iron,  ail^^ 
having  a  caviiy  bintd  out  of  the  fulid,  fo  as  (u  foim  a  htotit 
In  ihiii  manner  I  fucteded  wctl.     The  firft  bar»cl  I  tried  i* 
this  way  waK  of  fmall  bore,  only  half  an  inch :  Ui  perfad^ 
ance  wai  Ingbl)  futistaflury,  end  ftich  at  to  convioce  me,  tlnl 
ihe  mode  now  adopted  wan  ihi-  beR  of  any  Ihat  I  had  Uicdt 
Owing  to  llie  rniallncf*!  ot  the  bote,  a  pyrometer  could  boI  In 
ufed  inlernally,  but  was  placed  [)jion  <he  breech  of  ihe  bMnlL 
fti  il  Ihiod  in   llie   vertical   muffle,     In  thit   pnfidon,  tt  MM 
evidently  «xpof>?d  lo  a  much  left  hidi  ihao  Ihe  fiducial  put 
of   the  app4r»lus,    ivbich    was  alwa)s   placed,  at  nearly  a*   i 
could  be  t:;ii'irt:d,  at  the  point  o>  ^reali'fl  heat. 
Finely  tcrlgitul      On  the  1th  of  April,  an  expctimiuit  wa«  made  in   ibi*  vmif-  I 
'P"'^''"?!^     with  fpme  fpar;  the   pyioioeter  on  the  breech  giving  $$*;■' 
htiii  Icmi-       The  fpajcame  out  clean,  and  ftee  from  any  contain tn»ltiiD«    ' 
'  adhering  to  iheinfide  of  Ihepoicelaln  lube:  il  was  very  nucli 
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fl»ruiik»    fiill  reUiniag  a  cylindrical  form^   though  bent  bj 

partiftl  adhefions«     Its  furface  bore  fcarcely  any  remaini  of    - 

the  impreffioD  taken  by  the  powder^  on  ramming  ii  into  the 

tube:  it  h«d«  to  the  naked  eye,  the  roughnefs  and  femiiranf- 

parency  of  the  pith  of  a  ru(h  dripped  of  its  outer  (kin,     Bj 

the  lens»  this  fame  furface  was  feen  lo  be  glazed  all  over* 

though  irregularly^  (hewing  here  and  there  fome  air-holet. 

Id  fradure,  it  was  femitranfparent,  more  vitreous  than  cryf- 

tallinej  though  having  a  few  facelte> :  the  mafs,  was  feemingly 

fiomied  of  a  congeries  of  parts,  in  themfelves  quite  tranfparent: 

modg  at  the  thin  edges,  Iniall  pieces  were  vitible  of  pette6t 

tnofparency.    Thelc  rouft  have  been  produced  in  the  fire; 

for  the  fpar  had  been  ground  with  water ;  and  paflfed  through 

fieves,  the  fame  with  the  (ineft  of  thofe  ufed  at  Etruria,  at 

defcribed  by  Mr.  Wedgwood,  in  his  paper  on  the  con(}ru£Uoa 

of  his  pyrometer. 

With  the  fame  barrel  I  oblained  many  interefting  refults,  ^n  ^«'«  "pe^*- 

,  .  xocnts  the  efcipc 

givmgas  flrong  proofs  of  fuiion  as  in  any  former  experiments;  of  carbonic  and 

with  this  remarkable  difference,  that,  in  thefe  lad,  the  fub- •ppc»^  to  have 
Aance  was  compad,  with  little  or  no  trace  of  frothing*  In 
the  gun-barrels  where  fu(ion  had  taken  place,  there  had  al- 
ways been  a  loft  of  4  or  5  per  cent,  conne£led,  probably,  with 
the  frothing.  In  thefe  experiments,  fur  a  reafon  foon  to  be 
ftated»  the  circumftancc  of  weight  could  not  be  obferved ;  but 
appearances  led  me  to  fuppofe,  that  here  the  lofs  had  been 
Dnall,  if  any. 

On  the  Glh  of  April,  I  made  another  experiment  with  the  Cradoal  failure 
fquare  barrel,  whofe  thicknefs  was  now  much  reduced  by  fuc-  bofcdfitm  tht 
celiive  fcales,  produced  by  oxidation,  and  in  which  a  (malKbiid. 
rent  began  to  appear  externally,  which  did  not,  however,  pe- 
netrate to  the  bore.     The  heat  role  high,  a  pyrometer  on  the 
breedi  of  the  barrel  giving  37^.     On  removing  the  metals, 
the  cradle  was  found  to  be  fixed,  and  was  broken  in  the  at* 
tempts  made  to  withdraw  it.     The  rent  was  much  widened 
externally :  but  it  was  evident,  that  the  barrel  had  not  been 
laid  open,  for  part  of  the  carbonate  was  in  a  (late  of  faline 
marble ;  another  was  hard  and  while,  without  any  faline  grains, 
and  fcarcely  eflfervefced  in  acid.     It  was  probably  quicklime, 
formed  by  internal  calcination,  but  in  a  (late  that  has  not  oc> 
currcd  in  any  other  experiment. 

The 
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Kenarkable  The  Workman  whom  I  employed  to  take  out  the  remtins  of 

U&  of  cryftili  (he  cradle,  had  cat  ofT  a  piece  from  the  breech  of  the  barrel* 
hive  beeofbrra.  three  or  four  inches  in  length.  As  I  was  examining  the  crack 
«d  by  fiiUixn«-  which  was  feen  in  this  piece,  I  was  furprifed  to  fee  the  tnfideoF 
the  barrel  lined  with  a  fet  of  tranf parent  and  welMefioed  cry« 
ftals,  of  fmall  6ze,  yet  viGble  by  the  naked  eye.  They  lay  to* 
gether  in  fome  places,  fo  as  to  cover  the  furface  of  the  iron  with 
s  tranfparent  coat ;  in  others  they  were  detached,  and  (caCtered 
over  the  furfiice.  Unforlunately,  the  quantity  of  this  fubftance 
was  too  fmall  to  admit  of  much  chemical  examination  ;  but  I 
Hnmediatciy  afcertained,  that  it  did  not  in  the  leaft  effervefbe 
ia  acid,  nor  did  it  feem  to  difToive  in  it.  The  cryftals  were 
in  genera!  tranfparent  and  colourless,  though  a  few  of  them 
were  tinged  fecmingly  witli  iron.  Their  form  was  very  well 
definedi  being  flat,  with  oblique  angles,  and  bearing  a  ftfong 
referoblance  to  the  cryflals  of  the  Lamcllafed  Stylbite  of 
Hauy.  Though  made  above  two  years  ago,  they  Aill  retain 
their  tbrro  and  tranfparency  unchanged.  Whatever  this  fab- 
ftance  may  be,  its  appoarance,  in  this  experiment,  is  in  the 
higheft  degree  interefting,  as  it  fecm<i  (o  afford  an  example 
of  the  mode  in  which  Dr.  Hutlon  fuppofes  many  internal  ca^ 
vities  to  have  been  lined,  by  the  tUblimatiun  of  fubftances  in 
a  (late  of  vapour;  or,  held  in  folution,  by  matters  in  agafeotts 
Ibrm.  For,  as  the  crydals  adhered  to  a  part  of  the  barrel, 
which  muft  have  been  occupied  by  air  during  the  a6tion  of 
heat,  it  feems  next  to  certain  that  they  were  produced  by  fob* 
Itmation. 
TW  old  Sable  The  very  powerful  effe6ls  produced  by  this  laH  barrel,  the 
Sit»criin  iron  is  fize  of  which  (reduced,  indeed,  by  repeated  oxidation)  was  not 
big'h  he^t**  above  an  inch  fquare,  made  me  very  anxious  to  obtain  barrels 
of  the  fame  fubftance,  which  being  made  of  greater  (ize,  ought 
to  afford  refuits  of  extreme  interell.  1  found  upon  inqotry» 
that  this  barrel  was  not  made  of  Swedifli  iron,  as  I  at  firft  fop- 
pofed,  but  of  what  is  known  by  the  name  of  Old  SabiCf  froill 
the  figure  of  a  Sable  (lamped  upon  the  bars ;  that  being  the 
armorial  badge  of  the  place  in  Siberia  where  this  iron  if 
made.* 
AH  iron  is  ^  Workman  explained  to  me  fome  of  (he  properties  of  dittet^ 

craHied  under     aot  kinds  of  irons,  mofc  interefling  in  my  prefent  parfuit|  and 

the  himmer  at 

f«>ine  delinite  ^ 

beat.    Caa  iron     «  J  was  foyouied  with  this  account  by  the  late  Profeffor  Robilba. 
at  a  km  heat  ^  i^^ 
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|i  yiaftrated  what  be  faid  by  a6)ual  trial.    All  iron,  when  ex-  Aeel  at  a  higher. 
fdtd  to  a  certain  heat,cru(bes  and  crumbles  under  tliehammer;  ^^'^  ^^ 
llHthe  temperature  in  which  this  happens,  varies  wilh  every  heat,  and  oU 
Ifcent  fpecies.     Thus,  as  he  Hiewed  me,  cad  iron  cruflienfi'H^*^^*  ^'^^ 
m  a  aall  red  heat,  or  perhaps  about  15^  of  Wedgwood  jaturc 
led*  in  a  heat  perhaps  of  SO^;  Swedifli  iron,  in  a  bright 
iriile  beat,  perhaps  of  50^  or  60^  ;  old  Table  itfelf,  likewife 
|JUds»  but  in  a  much  higher  heat,  perhaps  of  100^.     I  merely 
ipiKll  at  tbefe  temperatures;  but  I  am  certain  of  this,  that  in  a 
Ml  fimilar  to  that  in  which  Swedilh  iron  ciumbied  under  Iho 
fewner,  the  old  fable  withiiood  a  Ihong  blow,  and  fccrned  to 
yodieGi  confiderable  tirmnei's.  .  It  is  from  a  knowledge  of  this 
qaality.  that  the  blackfmithy  when  he  Hrft  takes  his  iron  from 
Ibe  forge,  aod  lays  it  on   the  anvil,  begins  by  very  gentle 
Uow^  till  liie  temperature  has  funk  to  the  degree  in  which  thu 
%un  can  bear  the  hammer,     I  obferved,  as  the  Arong  heat  of 
the  forge  aded  on  the  Swedilh  iron,  that  it  began  to  boil  at  tht; 
far^ce,  clearly  indicating  the  difcharge  of  fome  gafeous  oiat* 
ler  J  wfaereas,  the  old  fable,  in  the  fame  circum (lances,  ac- 
j^edthe  ftiining  furface  of  a  liquid,  and  melted  away  without 
my  eflfervefcence.     I  procured,  at  this  time,  a  confiilerable 
Mmber  of  bars  of  that  iron«  which  fully  anfwered  my  expect 
litiom. 

By  the  experiments  laft  mentioned,  a  very  important  point  The  compkte 
ats  gained  in  this  inveUigation ;  the  complete  fufibility  of  the  ^"^^^'''^^  ^  ^^^ 

L  1  /^        1     .         •        •        /T  I  i-rt     1       «       r         carbonate  under 

ptftMNiate  under  premire  being  thereby  eltabliined.     But  from  predure  was  af- 

thit  very  circumflance,  a  neccffity  arofe  of  adding  fome  new  "rtamcdin 

devices  to  thofe  already  defcribed :  for  the  carbonate,  in  fu-  fejs. 

UUR,  fpreading  ilfelf  on  the  infide  of  the  tube  containing  it, 

Mui  the  two  uniting  firmly  together,  fo  as  to  be  quite  infepa- 

nUe,  it  was  impoflTible,  after  the  experiment,  to  afcertaiu 

Ibe  weight  of  the  carbonate  by  any  method  previoufly  ufed, 

I  therefore  determined  in  future  to  adupt  the  following  ar« 

niigtfment. 

A  fmall  tube  of  porcelain  (ik.  Fig,  23,)  was  weighed  by  Amngemf ni  for 
neans  of  a  counterpoife  uf  fand,  or  granulated  tin ;  then  the  ^1)]^''^,^^^^*'°* 
carbonate  was  firmly  rammed  into  the  tube,  and  the  whole  which  arofe  from 
wtightd  again:  thus  the  weight  of  the  carbonate,  previous  ^^^^^'^'J^^^ 
the  experiment  was  afcertained.     After  the  experiment,  the  put  into  a  fmall 
lobe,  with  its  contents,  was  again  weighed  ;  and  the  variation  ^*Ij?"  *"** . 
pf  weight  obtained.  Independently  of  any  mutual  a^ion  that  had  fecured  In  a 

taken  ^f8«-    Thefc 
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wcitf  sliced  m  i  (aken  place  beivreen  the  tube  and  the  carbonate.   Tbebaltfnca 

im4^^)Ste*  ^***^  ^  "^'^^»  turned  in  a  conflant  and  ftcady  roanneri  with 
put  into  the  traa  one  hundredth  of  a  grain.  When  pounded  chalk  was  rammed 
^*«**'»  *^  into  this  lube,  I  generally  left  p/art  of  it  free,  and  in  that 
fpace  laid  a  froall  piece  of  lump-chalk  (t),  drefled  to  a  cy* 
linder,  with  the  ends  cut  flat  and  fmooth.  and  I  ufually  cot  a 
letter  on  each  end,  the  more  efifeflually  to  obferve  the  QfSe€U 
produced  by  heat  upon  the  chalk ;  the  weight  of  this  piece 
of  chalk  being  always  eftimated  along  with  that  of  the  powder 
^ntaincd  in  the  tube.  In  fome  experiments,  I  placed  a  cover 
of  porcelain  on  ihe  muzzle  of  the  little  tube,  (this  cover  being 
weighed  along  with  it),  in  order  to  provide  agaio/l  the  cafeof 
f>bttllition  :  but  as  that  did  not  often  occur,  I  feldom  tod^  the 
trouble  of  lhi&  lad  precaution. 
Continuation  of  It  was  now  of  confequence  to  protect  the  tube,  thus  pre- 
the  method  of  pared,  from  being  touched  during  ihe  experiment,  by  any  fub* 
perime  .  (}ance,  alK>ve  all,  by  the  carbonate  of  ]ime»  which  itiigkt  adhere 
to  ity  and  thus  confound  the  appreciation  by  weight.  This  was 
provided  for  as  follows:  The  fniall  tube  [Fig,  23,  ik)  withiti 
pounded  carbonate  lk)t  and  its  cylinder  of  lomp-chalk  (t), 
was  dropt  into  a  large  tube  of  porcelain  (p  k.  Fig,  24).  Upon 
this  a  fragment  of  porcelain  (/},  of  fuch  a  (ize  as  not  to  fall  in 
between  the  tubes,  was  laid.  Then  a  cylinder  of  chalk  (m)  was 
dr^fled,  fo  as  nearly  to  fit  and  fill  up  the  infide  of  the  large  tube, 
one  end  of  it  being  rudely  cut  into  the  form  of  a  cone.  This  mafs 
being  then  introduced,  with  its  cylindrical  end  downwards, 
was  made  to  prefs  upon  the  fragment  of  porcelain  {I}.  I  then 
dropped  into  the  fpace  (n),  between  the  conical  part  of  this 
mafs  and  the  tube,  a  fet  of  fragments  of  chalk,  of  a  iize  be- 
yond what  could  poflibly  fall  between  the  cylindrical  part  and 
the  tube,  and  preiTed  them  down  with  a  blunt  tool,  by  which 
the  chalk  being  at  the  fame  time  cruAied  and  rammed  into 
the  angle,  was  forced  into  a  mafs  of  fome  folidity,  which  ef- 
fectually prevented  any  thing  from  paflTing  between  the  large 
mafs  of  chalk  and  the  tube.  In  praAice,  I  have  found  this 
method  always  to  anfwer,  when  done  with  care.  I  covered 
the  chalk,  thus  rammed,  wiih  a  lUatum  of  pounded  flint  (o)i 
and  tliat  again  with  pounded  chalk  {p)  firmly  rammed.  In 
tliis  manner,  1  filled  the  whole  of  the  large  lube  with  altematt 
layers  of  filcx  and  chalk  ;  the  muzzle  being  always  occupied 
with  chalk,  which  was  eafily  prelTed  into  a  mafs  of  tolerable 

firmnefs 
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icmneb,  and,  fufTering  no  change  in  very  low  heats,  excluded  Contionatioi 
Ik  Mblc  metal  in  the  Ard  Aages  of  the  experiment.  czpaimeau 

.    Tbe  large  lube,  thus  filled,  was  placed  in  the  cradle,  fome- 


rs  with  the  muzzle  upwards,  and  fometimes  the  reverfe.    I 

freqaently  altered  my  views  as  to  that  part  of  the  ar- 

^HBgemeiitj  each  mode  poflTefling  peculiar  advanla);es  and  dif- 

.tdnntagei .  With  the  muzzle  npwardsy  (as  (hewn  in  Fig,  24/  and 

..flS)i  the  beft  fecurity  is  afforded  againft  the  inlrufion  of  the  fufi- 

i  ,hh  netal;  becaufe  the  air,  quitting  the  air-tube  in  the  working 

^.pfition,  occupies  the  upper  part  of  the  barrel;  and  thefu6ble 

|,actal  ftaadft  as  a  liquid  (at  7,  Fig.  25.)  below  the  muzzle  of  the 

|,ldbe«  lb  that  all  communication  is  cut  off,  between  the  liquid 

..  aetal  and  the  infide  of  the  tube.     On  the  other  handf  by  this 

irrangementf  the  fmall  tube,  which  is  the  fiducial  part  of  the 

apparatus,  is  placed  at  a  confiderable  diftance  from  the  breech 

of  tbe  harrd,  fo  as  either  to  undergo  lefs  heat  than  the  upper 

pBftf  or  to  render  it  neceflfary  that  the  barrel  be  thrufl  high  into 

Iha  maffle. 

■ 

With  the  muzzle  of  the  large  tube  downwards,  the  inner 
lobe  is  placed  (as  fliewn  in  Fig,  22),  fo  as  fiill  to  have  its 
vozzle  upwards,  and  in  contad  with  the  breech  of  the  large 
Cabe.  This  has  the  advantage  of  placing  the  fmall  tube  near 
to  the  breech  of  the  barrel:  and  though  there  is  here  lefs  fe- 
carity  againft  the  intruiion  of  liquid  metali  I  have  found  that 
1  point  of  little  conlequence ;  fince,  when  the  experiment  is 
a  good  one,  and  that  the  carbonic  acid  has  been  well  con* 
Cned,  the  intrufion  feldom  lakes  place  in  any  pofition.  In 
whiclicver  of  the  two  oppofite  pofitions  the  large  tube  was 
placed,  a  pyrometer  was  always  introduced,  fo  as  to  lie  as  near 
as  poffible  to  the  fmall  tube.  Thus»  in  the  firfl-mentioned 
pofition,  the  pyrometer  was  placed  immediately  below  the 
large  tabe,  and,  in  the  other  pofition  above  it ;  fo  that,  in  both 
cafes,  it  was  feparated  from  the  carbonate  by  the  thickneis 
«Bly  of  the  two  tubes. 

Much  room  was  unavoidably  occupied  by  this  method^ 
which  neceilarily  obliged  me  to  ufe  fmall  quantities  of  car- 
bonate,  the  fubjedt  of  experiment  fcldom  weighing  more  than 
10  or  12  grains,  and  in  others  far  lefs^. 

On 

*  I  meafured  tbe  capacity  of  tbe  air- tubes  by  means  of  granu* 
laCed  tin,  a£ting  as  a  fine  and  equal  fand.   By  compsringthc  weight 

of 
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Szperitnent    '       Oh  the  11  (h  of  April,   1 303,  wilh  a  barrel  of  oM  fatbt^ 

BMdewith  th^    j^on  having  a  bore  of  0.75  of  an  inch,  I  made  an  experi* 

cautioiM.  The  <^®"^  ^^  which  all  thefe  arrangements  Were  put  in  pradice. 

heat  amounted    The  large  lube  contained  two  fmall  ones;  on^  filted  with 

^^^    f)^^*    fpar,  and  the  other  with  chalk.     I  conceived  (hat  the  heat  had 

carbonate!  had    rifen  to  33'',  or  fomewhat  higher.     On  melting  the  metaU^ 

jteS^ftStT"^*^  cradle  wa!«  thrown  out  wilh  confiderable  violence.     The 

pyrometer,  which,  in    this    experiment,    had    been    plated 

vrithin  the  barrel,  to  my  aftoni(hment,  indicated   64^.     Yet 

fell  was  found.    The  two  little  tubes  came  out  quite  clean  and 

iincontaminated.    The  fpar  had  loft  17.0  per  ceni.  the  chalk 

10.7  per  cent.    The  fpar  was  half  funk  down,  and  mnagainft 

the  fide  of  the  little  tube :  Its  furface  was  fliining^  its  textore 

fpongy,  and  it  was  compofed  of  a  tranfparent  and  jelly 4ike 

fobftance.    The  chalk  was  entirely  in  a  flate  of  froths    This 

experiment  extends  our  power  of  adlion,  by  (hewinig^  that 

compreflion,  to  a  confiderable  degree,  can  be  carried  on  in  fo 

great  a  heat  as  64^.    It  feems  like  wife  to  provcy  that,  ia  fone 

of  the  late  experiments  with  the  fquare  barrel,  the  heat  had 

been  much  higher  than  was  fuppofed  at  the  time^  from  theiiM 

dication  of  the  pyrometer  placed  on  the  breech  of  the  barrel { 

and  that  in  fome  of  them,  particularly  in  the  laft,  it  mud  have 

rifen  at  lead  as  high  as  in  (he  prefent  experiment. 

Expenment  in       ^n  ^be  21ft  of  April,  1803,  aiimilar  experiment  was  mad* 

which  the  barrel  ^^Kh  a  new  barrel,  bored  in  a  fquare  bar  of  old  fable,-  of  about 

m^^  after  its  ... 

coAceatt  had  un- ^^^  ^'^^  a  half  inch  in  diameter,  having  its  angles  merely 

4eisaoafu(ion.  rounded;  the  inner  tube  being  filled  with  chalk.  The  heat  . 
was  maintained  during  feveral  hours,  and  the  furnace  allowed 
to  burn  out  during  the  night.  The  barrel  had  the  appearance 
of  foundnefs,  but  the  metals  came  off  quietly,  and  the  carbon- 
ate was  entirely  calcined,  the  pyrometer  indicating  63%  On 
examination,  and  after  beating  off  the  fmooth  and  even  fcale 
of  oxide  peculiar  to  the  old  fable,  the  barrel  was  found  to  have 
yielded  in  its  peculiar  manner ;  that  is,  by  the  opening  of  tibm 
longitudinal  fibres.  This  experiment,  notwithftanding  the 
Jailure  of  the  barrel,  was  one  of  the  moft  interefting  I  had 

of  this  tin  with  an  equal  bulk  of  water,  I  found  that  a  cubic  inch 
of  it  weighed  1330.6  grains,  and  that  each  grain  of  it  correfponded 
to  0.00075  of  a  cubic  inch.  From  thefe  data  I  was  able,  with  to- 
lenible  accuracy,  to  gage  a  tuhe  by  weighing  the  tin  rtquired  to 

made. 
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madei  fince  K  aflTorded  proof  of  complete  fufiori.  Th6  c^u 
bonale  had  boiled  over  the  lipt  of  the  little  tabe,  (landing,  as 
joft  defer ibed,  with  iti  mouth  upwards  and  had  run  down  to 
within  half  an  inch  of  its  lower  end :  nod  of  the  fabftance  was 
in  a  frothy  fta(e«  with  large  round  cavities,  and  a  fhining  fur^ 
hem;  in  other  parts,  it  was  interfperfed  with  angular  mafTes, 
which  have  evidently  been  furrounded  by  a  liquid  in  which  they 
floated.  It  was  harder,  I  thought,  than  marble;  giving  no 
cfl[erve(cence,  and  not  turning  red  like  quicklime  in  nitric 
acid«  which  feemed  to  have  no  efie€t  upon  it  in  the  lump.  It 
was  probably  a  compound  of  quicklime  with  the  fubHance  of 
the  tube. 

With  the  fame  barrel  repaired,  and  with  others  like  it, 
nany  ti milar  experiments  were  made  at  this  time  with  great 
fuccefs ;  but  to  mention  them  in  detail,  would  amount  nearly 
to  a  repetition  of  what  has  been  faid.  I  fliall  take  notice  of 
only  foar  of  them,  which,  when  compared  together,  throw 
mach  light  on  the  theory  of  thefe  operations,  and  likewife 
feem  to  eftablilh  a  very  important  principle  in  geology.  Thefe 
foor  experiments  difler  from  each  other  only  in  the  heat  em- 
ployed, and  in  the  quantity  of  air  introduced. 

The  firft  of  thefe  experiments  was  made  on  the  27th  of  Account  of  feme 

April  1803,  in  one  of  the  large  barrelsof  old  fable,  with  all  the  txpcriaaents  jk 

very  elevated 
above-mentioned  arrangements.     The  heat  had  rifen,  contrary  j^^,^    fl^ 

to  my  intention,  to  78^  and  79<'.    The  iubes  came  out  an- caibonate  aoft 
contaminated  with  fufible  metal,  and  every  thing  bore  the  ap-  c^2:*thit 
pearance  of  foundnefs.    The  contents  of  the  little  lube,  con-  which  had  fuf- 
fjftiog  of  pounded  chalk,  and  of  a  fmall  piece  of  lu«np.chatk,  J^JJ|^^*^^^^ 
came  out  clean,  and  quite  loofe,  not  having  adhered  to  the  rune-itooe  and 
infide  of  the  lube  m  the  fmalleft  degree.    There  was  a  lofs  o^^oarhk^yihkh 
41  percent,  and  the  calcination  feemed  to  be  complete  ;  the drlwoic  acid. 
fttbftance,  when  thrown  into  nitric  acid,  turnmg  red,  without 
efierrefcence  at  firft,  though,  after  lying  a  few  minutes,  feme 
bubbles  appeared.     According  to  the  method  followed  in  all 
thefe  experiments,  and  lately  described  at  length,  (and  (hewn  in 
Fig.  24  and  25),  the  large  tube  was  filled  over  the  fmall  one, 
with  various  roaflfes  of  chalk,  feme  in  lump,  and  fome  rammed 
into  it  in  powder;  and  in  the  cradle  there  lay  fome  pieces  o£ 
chalk,  filling  up  the  fpace,  fo  that  in  the  cradle  there  was  a 
continued  chain  of  carbonate  of  four  or  five  inches  in  length. 
The  fubflancc  was  found  to  be  lefs  and  lefs  calcined^  the  more 
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it  was  removed  from  the  breech  of  the  barret,  where  thej 
was  greaieft.  A  fmall  piece  of  chalk,  placed  at  the  dii 
of  half  an  inch  from  the  fmall  lube,  bad  feme  faline  fa 
in  the  heart,  furrounded  and  intermixed  with  quicklime, 
tinguilhed  by  its  dull  white.  In  nilric  acid»  this  fiibAance 
came  red,  but  eflfervefced  pretty  bri&lv;  the  eflfervefc 
continuing  till  the  whole  was  diflblved.  The  next 
of  chalk  was  in  a  firm  ftalc  of  limeftone;  and  a  lump 
chalk  in  the  cradle,  was  equal  in  perfe^ion  to  any  marble 
have  obtained  by  compreffion  :  the  two  lafi-mentioned 
of  chalk  effervcfctng  with  violence  in  the  acid,  and 
no  rednefs  when  thrown  into  it.  Tliefe  facts  clearly  proi 
that  the  calcination  of  the  contents  of  the  fmall  tube  bad 
internal,  owing  to  the  violent  heal  which  had  feparated  il 
acid  from  the  mufl  heated  part  of  the  carbonate,  accordii| 
to  the  theory  already  Hated.  The  foundnefs  of  the  barrel  mi 
proved  by  the  complete  Hate  of  thofe  carbonates  which  la| 
in  lefs  heated  parts.  The  air-tube  in  ihisi  experiment  had  A 
capacity  of  0.29,  nearly  one»third  of  a  cubic  inch. 
Another  expe-  '^^^  fccond  ol  tliefe  ex{)eriinents  was  made  on  the  29th  oi 
vanenciD  which  April,  in  the  fame  bariel  wlili  the  latl,  after  it  had  aCurM 
*fome  good  rt'fuhi^.  TI.e  air-tube  was  reduced  to  one-thirc 
of  its  former  bulk,  that  is,  to  one- tenth  of  a  cubic  inch.— 
The  heat  rofe  to  oO^.  The  barrel  was  covered  eacternallj 
with  a  black  fpong)  !  jbftancc,  the  condant  indication  of  fai* 
lure,  and  a  (mail  drop  of  while  metal  made  its  appearancq 
The  cradle  was  removed  without  any  explotion  or  hiffii 
The  carbonates  were  entirely  calcined.  The  barrel  had  yii 
ed,  but  had  refifted  well  at  fird;  for  the  contents  of  the  litll 
tube  were  found  in  a  complete  ilate  of  froth«  and  runnii 
wiih  the  porcelain. 
Thir^  expert  The  third  experiment  was  m&ido  on  the  30th  of  April,  il 
ineDt,  tery  thin^0||](^f  fimilar  barreU  Every  circumiUnce  was  the  fame 
in  the  two  lall  experiments,  (miy  that  the  air-tube  was  no« 
reduced  to  half  its  Infl  bulk,  that  i^,  lo  one-twcnticlh  of  a  ca< 
bic  inch.  A  pyroi^iettr  wa^  placed  at  each  end  of  tlie  lar| 
tube.  The  upperir.oft  gave  41®,  the  other  only  15*.  Thaj 
contents  of  the  inner  lube  had  loll  IG  per  cent,  and  were  r>-' 
duced  to  a  moll  bcuutitul  Hate  of  froth,  ncit  very  much  injured 
by  the  internal  calcination  and  indicating  a  thinner  flateof 

fufioathao  had  appeared. 
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llie  foarlh  experiment  was  made  on  ihe  2d  of  May,  like  Foarth  cmperi- 
Ifie  red  in  all  refpeds  wilh  ^  (lill  froaller  air-tube,  of  0.0318,  ^^^  pfcflurv, 
being  lefi  iban  one  tbirCielli  of  a  cobic  inch.     The  upper  py-  fufion  it  •  nw- 
Tometer  gave  25^,  and  the  under  one  16^  :  The  lowed  maflei  J^J^^^V 
of  carbonate  were  fcarccly  atfeded  by  the  heat.    The  contents  cafbook  aci4, 
of  the  little  tube  lod  2.9  per  cent,  bolh  the  lump  and  the  *^* 
funded  chalk  were  in  a  fine  faline  ftate,  and,  in  feveral  placesi 
liad  run  and  fpread  upon  the  inOde  of  the  tube,  which  I  had 
not  expe6led  to  fee  in  fuch  a  low  heat.     On  the  upper  furface 
of  the  chalk  rammed  into  (he  little  tube,  which,  after  its  in- 
troduction had  been  wiped  fmooth,  were  a  fet  of  white  cryf- 
IhIs,  with  (liining  facelles  large  enough  to  be  didinguithed  by 
the  naked  eye,  and  Teeming  to  rife  out  of  the  mafs  of  car- 
bonate.    I  likewife  obferved,  that  the  folid  mafs  on  which 
Ihefe  crydals  dood,  was  uncommonly  tranfparent. 

In  thefe  four  experiments,  the  bulk  of  the  included  air  was  Obfenritionsi 
fuccefOvely  dimini(hed,  and  by  that  means  its  eladicity  in-  S^**a7toJar 
creafed.     The  confequence  wvls,  that  in  the  drd  experiment,  bettt  wbta  the 

where  that  eladicity  was  the  lead,   the  carbonic  acid  was *?^..  .***•' 

-^  -  luc  acid  IS  we- 

allowed  to  feparate  from  the  lime,  in  an  early  dage  of  the  Teated.  Tke 
fifing  heat,  lower  than  the  fudng  point  of  the  carbonate*  and  ■•'^•^  ••  * 
complete  internal  calcination  was  edefled.  In  the  fecond 
experiment,  the  eladic  force  being  muc|^  greater,  calcina- 
tion was  prevented,  till  the  heat  rofe  fo  high  as  to  occadon 
the  entire  fudon  of  the  carbonate,  and  its  a6lion  on  the  tube, 
before  the  carbonic  acid  was  fet  at  liberty  by  the  failure  of 
the  barrel.  In  the  third  experiment,  with  dill  greater  eladic 
force,  the  carbonate  was  partly  calcined,  and  its  fuGon 
accomplidicd,  in  a  heat  between  41^  and  15^.  In  the  lad 
experiment,  where  the  force  was  llronged  of  all,  the  carbon- 
ate was  alraod  completely  prote6ted  from  decompoiltion  by 
beat,  in  confequence  of  wiiich  it  cryfiallizcd  and  aded  on  the^ 
tube,  in  a  temperature  between  25^  and  16®.  On  the  other 
hand,  the  edicacy  of  the  carbonic  acid  as  a  flux  on  the  lime, 
and  in  enabling  the  carbonate  to  a6t  as  a  flux  on  other  bodies, 
was  clearly  evinced;  fince  the  fird  experiment  proved  that 
quicklime  by  itfolf  could  neither  be  melted,  nor  a£t  upon  porce- 
lain, even  in  the  violent  heat  of  79® ;  whereait,  io  the  lad 
experiment  where  the  carbonic  acid  was  retainedj  both  of 
thefc  effects  took  place  in  a  very  low  temperature. 

(To  be  continued  J 
Vol.  XIII.— SiPKiEMiiiT.        Ff         IV.  Okfirvati^^ 
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Ohjircaliom  on  the  EfftSl  of  Madder  Root  on  the  Bona  qf  Am» 

mals.     By  Air,  B.  Gibson.* 

Account  of  the    1  F?£RE  is,  perhaps,  no  phenomenon,  which  occurs  in  an 

Se  ***^"*JJl?Lf  *"'"'*'  ^^y  ^^^^  curious,  than  the  tinge  communicated  la 
madder  to  dnge  the  boncs  of  living  animals,  whofe  food  has  been  mixed  with 
the  bones  of      madder  root.     This,  like  many  other  ftifts.  to  vf  hich  no  reSifoiw 
ing  ci  priori  could  have  direCted  us,  was  difcovered  by  chance. 
Mr'.  Belcher,  dining  with  a  calico  printer  on  a  leg  of  frefli 
pork,  was  furpriaed  tliat  the  bones,  inflead  of  poiTelTing  their 
ufual  whitenefs,  were  of  »  deep-red  colour ;.  and  on  enquiring 
the  caufe  of  it,  was  informed,  that  the  pig  had  been  fed  upon 
the  refufe  of  the  dyers'  vats,  and  bad  received  To  much* of  the 
colouring  matter  of  madder  into  the  fydem,  that  its  bones 
were  dyed  hy  it     So  interefting  a  fa6t  has  attra^ed  very  much 
the  attention  of  anatomiAs,  and  has  been  ufed  in  many  pbyii- 
ological  and  patholo^cal  enquiries;  it  may  not  therefore  be 
unintereRing  to  give  a  fliort  hifiory  of  the  phenomena  cooneded 
,  with  it,  and  the  purpofes  to  which  it  has  been  applied,  previ- 
ous to  entering  upon  the  more  immediate  object  of  thia  paper. 
BxpnuDents  Many  experiments  have  been  made  to  afcertain  how  long 

tinge?? more        ^^^  "  required  to  produce  the  tinge,  and  whether  it  be 
ottickty  given  to  permanent  or  only  temporary.     Belcher  and  Morand,  about 

51^***  ^  1   the  fame  time,  mixed  madder  root  with  the  food  of  chickeas 
growing  animatts 

and  young  pigeons.  The  refult  of  their  obfervations  was» 
that  the  tinge  was  more  quickly  communicated  to  the  bones 
of  growing  anifnals,  than  to  the  bones  of  animals  which  had 
already  completed  their  growth;  the  bones  of  young  pigeon* 
being  tinged  of  a  rofe-colour  in  twenty.four  hours,  and  of  a 
deep  fcarlct  in  three  days;  whlld  the  bones  of  adult  animals 
Sbort  time  and  only  exhibited  a  rofe-colour  in  fifteen  days.  They  found  the 
odier  h^M»  tinge  moft  intenfe  in  the  folid  parts  of  thofe  bones,  which  were 
neareft  to  the  centre  of  circulation  ;  whilil  in  bones  of  equs^ 
folidity,  at  a  greater  diAance  from  the  heart,  the  tint  was 
more  faint.'  The  dye  was  deep  in  proportion  to  the  length  of 
time  the  madder  had  been  continued,  and  when  it  was  difcoi\. 
linuedi  the  colour  gradually  became  more  and  more  faint,  till 

*  Manchefter  Memoirs,  1805. 
.  •  -  it 
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Stwlirely  difappeared.  According  to  the  experiments  of  ihefe 
geBlIemen,  other  vegetable  dyes,  fuch  as  logwood,  tormeric 
aid  alkanet  root,  did  not  communicate  their  refpedive  tints 
loUie  hones.* 

This  eiied  <^  madder  upon  the  bones,  was  foon  afterwards  Du  Himtl  of 
wdeufe  of  by  Du  Hamel,  in  his  attempt  to  prove  the  man-  JJc'/JhT^J 
Bcr  in  which  the  bones  of  animals  are  encreafed  in  thicknefs.  of  bones* 
OUerriqg  in  the  vegetable  kingdom,  that  the  bark^  by  a  fort 
of  feeretion,  formed  the  ligneous  part  of  a  tree,  in  fucceflive 
hyeri;  fo  he  conceived  that  the  periodeum,  or  membrane  fur* 
rosoding  bones,   being  converted  into  o/Teous  matter,  en« 
creafed  their  diameter  by  adding  to  them  concentric  laminae 
in  fiiccclfion.     In  order  to  prove  the  juflnefs  of  bis  opinion,  he 
niKed  the  food  of  a  cock  with  madder  root  for  a  month,  with- 
hdd  it  Cm*  a  month,  and  then  gave  it  again.     He  afterwards 
iiUod  the  animal,  and  upon  ir.fpe£tion  thought  he  obferved  the 
ippffamnoe  which  he  expeded  ;  viz.   two  layers  of  red  bone 
incfefiog  one  of  white,  correfponding  to  the  periods  of  the 
mdder's  being  given  or  withheld. 

Tbis  experiment,  and  fodie  others  related  by  Du  Hamel,  It  is  voy  doul 
^tpm^r  to  be  conclufive  in  favour  of  the  theory,  which  he  ^lijli*S^^ 
wiflied  to  eftablifli  i  and  as  they  were  condu6ted  by  a  pbyfio-  (b  indicsttdi 
qgill  of  liigh  chara^er,  the  accuracy  of  the  obfervations  could 
lol  have  been  doubted,  had  thefe  experiments  flood  alone. 
Bot  when  they  are  compared  will)  fome  of  his  own  previous 
sxperiments,  and  thofe  of  other  authors,  it  is  difficult  to  re- 
Donctle  tlicm.     In  fome  of  Du  Hamcl's  experiments,  for  in- 
Bance,  the   bones  of  a  cuck  weru  tinged   of  a  rofe-colour 
tbroagb  their  whole  fubQance  in  fixlcen  days,  and  thofe  of 
IfOung  pigeons  of  a  deep  fcarlet  in  three  days.     In  feveral  ex- 

*  From  fome  experiments  I  made  on  young  pigeons,  I  found 
that  a  confiderable  quantity  of  logwood,  in  the  form  of  extra^, 
communicated  an  evidently  pur|)Ie  tint  to  the  bones.  With  regard 
10  cunncric,  it  appears  to  be  altered  in  its  colour  bypafling  through 
the  digeftive  organs,  for  the  foeces  rf  the  animals,  who  took  it  in 
confiderable  quantity,  were  conftantly  green :  whilft  either  log- 
Wood  or  madder  root  exhibited  their  rcCpeSlive  hues  after  paiUng 
throDgh  the  intefti;'e!i.  Saffi-uu  exhibits  propeities  different  from 
any  of  thcfe  fubflances }  f  ^r  though  a  pigeon  took  it  in  confider- 
able quantity,  and  thereby  had  its  foeces  tinged,  y«t  no  perceptible 
alteration  of  colour  was  produced  in  its  bones. 

F  t  2  periments 
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of  youitg  pigepiu  (inged  ol  a  iinil'orm  rofe-colour,  intcroiH; 
a<  weH  as  exlernally.  m  Iwcntj-foar  houfi.  This  commont- 
calion  ol'  colour  (o  (he  wbo'e  fubftance  of  the  oiVuaus  (j&ea 
in  fo  (linrl  a  lime,  makei  i(  highly  improbable  ihal  Ihe  lamnsld 
appearance,  remarked  by  Du  Hnmel,  wai  produced  bjr  the 
tiewformaiiiinol'  red  and  while  ol^iias  layers,  corcerpon^ 
lo  the  liMi«  (ninnihs)  the  madder  had  been  given  or  wilfibtX. 
For,  a^  Mr,  John  Bell  very  jiiftly  remarkt,*  "  If  ahnne  flHwH 
incrcafe  by  layers  thick  enough  to  be  viRble-and  of  a  diflmA 
lim,  ami  fuch  layers  be  continually  accomuJateJ  uponeuh 
olhef  every  week,  what  kind  of  bone  (lionid  thi*  growr  tof" 
The  cnty  way  in  which  we  can  reconcile  with  each  other  lh( 
phenomena  cibfcrvcd  in  thediffereni  esperimcni*,  andaccount 
for  (heir  npparent  conlradiflion,  U,  by  fiippofing  rhit  Du 
Hamel  miftook  tor  an  obfcurely  laminated  appearance,  Ibe-*^ 
tieiy  m  the  tint,  which  U  more  deeply  communicated  tolJie 
more  folid,  and  more  faintly  lo  the  lefs  corapafl  parli  of  • 
bone. 

This  property  of  madder  of  tinging  the  bone*  of  aniimll, 
has  lately  been  employed  by  Dr.  M'Oonaldif  in  liia  ingeniout 
refesrchcs  into  llie  lormalinn  and  death  of  bones.  Amongft 
other  obJe€ls,  be  aflenipted  lo  afcerlain  in  what  manner  uid 
how  Toon  a  cylindrical  bone  is  regenerated  lo  fnpply  the  pUu 
flf  otiearlificiall)  killed.  As  ihe  procefi  is  highly  c-urioDi,  I 
fhall  briefly  relale  the  principal  points. 

Dr.  M'Donald's  expetiiuenls  were  made  by  ampnlating  ll>e 
proper  leg-bone  of  young  pigeons  or  chicken*  immediately 
above  the  joint.  The  marrow  was  then  extrafled,  and  th« 
cavity  which  contained  ii,  filled  wiih  tin).  This  proccfs  caufed 
Ihe  dead)  of  the  bone,  and  the  Ibrmatton  of  a  new  bone  fur. 
rounding  ihai  deltroyed  enfaed.  Immediately  afier  the  expe- 
timenl,  ihe  animal  had  its  food  mixed  wjih  madder  ^o^t,  and 
the  pari  was  iiifpefied  in  diflerent  animals,  at  differeal  pe- 
riod). 

On  esatninalion  three  day*  aficrwards,  the  perinfleum  ot 
enveloping  membrane,  was  luuml  miLch  thickened;  and  iin> 
dernculh  it  a  gelatinous  humour  vvat  etTufed,  furrouruling  (be 


'"  •  Anatomy  of  the  hones.  Arc  p.  1 5. 
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^lead  bone,  and  Tpoftted  wilh  red  pfleoos  nuclei ;  proving  Ibal 
Ibe  regeneralioB  of  tbe  bone  had  commenced  at  Uiis  early  pe- 
riod. 

In  feven  dajs  the  new  bone  was  found  foft  and  flexible*  nolT^"  itgencn- 
to  be  difiinguiibed  from  cartilage  or  griftle,  except  by  tbe  red 
tint  (be  madder  had  communicated  to  it;  yet  the  bone  deftroyed 
was  not  at  all  coloured,  although  the  other  bones  of  the  animaj 
bad  acquired  a  bright  red.     From  this  time  the  new  bone  con- 
iinued  to  eocreafc  in  hardnefs,  furrounding  the  old  one  tike  a 
Aeath.     The  latter  in  about  three  weeLs  was  fo  loofe  as  to  be 
drawn  out,  and  in  about  fifteen  days  from  this  time,  the  cavity 
of  the  regenerated  bone  was  filled  with  marrow,  and  in  every 
refped  performed  the  office  of  that  for  which  it  was  a  fublti* 
lute.    This  may  be  confidered  as  a  general  outline  of  the  pro* 
l^reffive  changes  which  take  place  daring  the  regeneration  of 
a  cylindrical  bone,  in  a  young  animal,  fuch  as  a  pigeony  or 
diicken ;  and  the  fame  procefs  is  frequently  performed  in  the 
human  body,  when,  from  fome  internal  caufe,  the  life  of  a 
bone  is  defiroyed.    Thefe  changes  involve  many  interedin^ 
particulars;  but  the  circumftance  mod  immediately  conneded 
with  the  fubjedt  of  tius  paper  is,  that  although  the  (haflof  the  Infertace. 
bone  required  t!)ree  weeks  for  its  renewal,  yet  in  feven  days  J'^  ^  ^*JJ^ 
the  oiTeous  iyflcm  generally  had  acquired  a  bright  red.     Now  tion  and  fubie« 
if  we  explain  this  diangc  in  colour  according  lo  the  common  ^"*'*'  lofiof  th( 
opinion  of  abforption  of  the  white,  and  depofilion  of  the  red  theofleous  fyf- 
oHTeous  mattery*  we  muft  necelTarity  draw  this  conclufion;  that  ^«n«'«* natural 
the  olFeous  fydera  oF  ihe  animal  will  be  renewed  three  t»nies  ^^^^^^.^JJ^j 
during  the  period,  which  the  formation  of  the  fubflitute  bone  period. 
requires;  a  conclufion  which  we  Hiould  be  inclined  to  rejed 
luerely  from  its  improbability.     But  bcfides  this,  the  appcar- 

*  The  common  opinion  of  phyfiologifts,  with  regard  to  this  cu- 
rious fa6^,  is,  that  when  a  bone  becomes  red,  during  the  exhi- 
bition of  madder  root,  the  white  oflTeous  particle*  which  compofed 
ity  have  been  entirely  removed  by  abforption  and  replaced  by  new 
ofleous  matter  of  a  red  colour :  and  when  a  bone  aiTumas  its  na- 
tural colour,  thefe  red  particles  have  been  ren)oved  and  replaced  by 
white.  If  this  be  the  faft,  it  ncceflarily  follows,  that  an  animal 
has  at  lead  fifty-two  new  fets  of  bones  in  a  year :  for  the  ofleous 
fyftem,  according  to  the  experiments  of  the  mod  refpc(^able  phy- 
fiologifts, acquires  a  deep  i-ed  tint  from  madder  in  o)ie  week,  and 
aflumes  its  natural  colour  in  another* 

ance 
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ance  of  (be  parts  ffrongly  militate  againft  it — for,  if  We  flUty 
ja^ge  at  all  of  the  aaivity  of  the  procefs  in  thr  two  parts,  by 
their  comparative  degrees  of  vafcularity,  that  employed  ih 

Caafe  of  dMk.  I^orroing  the  fubflitute  bone  ^r  exceeds  that  going  on  in  the 
oflTeous  fyftem  generally  ;  one  (Iriking  phenomenon  aitendiog 
the  regeneration  of  a  bone  being,  the  very  high  degree  of  in- 
creafed  vafcularity  which  the  parts  employed  in  the  ptOcefs 
rapidly  a  (Rime. 

The  bones  are         After  this  efre6t  of  madder  upon  the  bones  was  knOWft,  it 

alone  icddenfd    ]qj^^  remained  a  myftcry,  why  fome  other  while  parts  of  the 

by  niMkier,  be-   -     ?      -    ,  .,  *  .   « 

cauietbe  phof-  DOdyy  iQch  as  nerves,   cartilages  and  perioitcam,  were  not 

phate  of  lime     equally  liable  to  be  coloured  by  it,  as  the  bones.     Tbis  fad,  I 

dent  on  the  "    boKe^'C,  did  not  receive  any  explanalidn,  until  1l)t,  Rutherford 

nuddcr.  gave  a  very  ingenious  and  falinfa^lory  one.     When  fpeakiYlg 

of  this  property  of  madder,  he  fays/  <'  We  have,  in  the  h(k 

belbre  us,  a  beauliful  example  of  a  particalar  cafe  of  chemicill 

altra6iion ;  fuch  as  in  nuDibcrlcfs  inftances.  Is  obferved  to  tiakc; 

place  between  the  coloaring  particles  of  both  animal  &nd  V6> 

getabic  fubftances  and  various  other   bodies,  efpccially  earlKs 

and  earthy  falts,  and  oxides  of  roefals.     So  ftronc^  is  the  affi* 

nity  of  the  colouring  matter  to  thefe  bodies,  that  it  is  fre« 

quently  obferved  to  quit  the  menflruum,  in   whidi  it  may 

chance  to  be  diflblved,  to  unite  with  them:  they,  in  confe- 

qucnce  of  its  union,  acquiring  a  particular  tinge,  whild  the 

xnenHruum  is  proportionably  deprived  of  colour.     From  this 

principle,  this  mutual  altra£lion,  is  deduced  the  various  ufe  of 

thofe  bodies  as  mordents,  as  they  are  called^  intermedia,  or 

means  for  fixing  the  colours  in  dying  or  Haining  thread  or 

cloth,  whether  it  be  compofed  of  animal  or  vegetable  mate* 

The  red  matter  rials.     Upon  the  fame  principle  depends  the  {^reparation  of 

J^^  thofe  pigments  known  to  painters  uncier  the  name  of  h^kes; 

thefe  are  truly  precipitates  of  the  colouring  matter,  in  corobi* 

nation  with  various  mordents,  as  tneir  bafis. — The  colouring 

of  the  bones  of  a  living  animal  by  means  of  madder,  is,  in 

every  circumdance,  analogous  to  the  formation  of  thefe  lakey. 

The  colouring  matter  of  madder,  paHTing  unaltered  through 

the  digedive  organs  of  the  animal^  enters  the  general  mafs  of 

floids,  and  is  dilfolved  in  the  ierum  of  the  blood,  to  whidl, 

•  See  Dr.  Blake's  inaugural  Diflcrtation.    Dc  dcntium  forma* 
tione,  p.  lU,— 1798, 

indeed. 
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rod0ed»  if  it  be  in  larga  froportioiiy  it  communicates  a  fenfi- 
1>Iy  red  tinge.  Bmt  there  ii  aiwajfs  frefini  in  the  hleod,  and  in  — fcmMd  m  it 
^JUue  qfjUutim  imtheJhrmH^  a  quantity  of  the  earthy  matter  <2f  ^°"  ^jj?^*^ 
4heb<met,  phojphaie  qf  Ume,  remdy  to  be  depq/ked,  as  theexigen-^  do*.  .^^**^' 
<ie»  qf  the  animal  may  require^  Now  the  phn/phate  qf  Ume  it  an 
exceUeni  mordent  to  madder,  and  has  a  firmg  affinity  to  it,  and 
ia  em^qvemthf  adndrabty  fitted  to  afford  a  hafk  far  the  colouring 
iHOtter  qf  it :  in  fkck  experiments,  therefore,  tKey  concrete  in  the 
fiitte  ^  a  bright  red  lake,  wkmee  the  colour  qfthe  bones  is  derived. 
That  this  is  a£luall)  the  cafe^  may  be  (hewn  by  a  variety  of 
experiments.  Thus,  if  to  an  infefion  of  madder  in  diftiHed 
water,  be  added  a  little  of  the  muriate  of  timet  no  change  is 
perceived :  bat  if  to  this  mixture  be  added  a  felution  of  the 
phofphate  of  foda,  immediately  a  double  eledive  attra6Hon 
takes  place.  The  muriatic  acid  combining  with  the  foda,  re* 
mains  fnfpended,  or  difToIved  in  the  water ;  whilft  the  phof- 
phoric  acid,  thus  deprived  of  its  (bda,  combines  with  the  lime 
which  the  muriatic  acid  parted  with,  and  forms  phofphate  of 
lime  or  earth  of  bones.  This  fubAance,  however,  being  in- 
ibhible  in  water,  falls  to  the  bottom  ;  but  having  combined  a( 
the  inftant  of  its  formation  with  the  colouring  matter  of  the 
madder,  they  ^11  down  united  into  a  crimfon  Jake ;  precifel/ 
of  the  fame  tint  with  that  of  the  bones  of  young  animals^ 
which  have  been  fed  with  madder.  From  this  iimple  repre- 
ientation  of  the  matter,  we  have  a  ready  explication  of  every 
circumdance  which  has  been  remarked  as  extraordinary  re- 
fpeding  this  Cubjed,'' 

Whilft  Dr.  Rutherford  thus  gives  a  mod  fatisfadory  expla-  Dr.  Rtitheribri 
nation  of  the  coK)ur  of  madder  being  communicated  to  the  foJSa  •tddc-i 
bones  alone,  of  all  the  white  parts  of  an  animal ;  we  find  that  pofitioiu 
he  embraces  the  fame  opinion  as  other  phyliologids,  that  the 
ofleous  materials  acquire  their  colour  previous  to  their  depo« 
iition,  whilft  in  a  (late  of  fotution  or  mixture  in  the  blood  ; 
from  whence  they  are  afterwards  depofited,  and  concrete  ift 
the  form  of  a  bright  lake.    In  no  part  of  his  ingenious  re- 
narks  does  he  hint  at  the  probability  that  the  bones  already 
formed  in  an  animal,  may,  during  the  ufe  of  madder,  become 
red|  and  after  its  difufe  gradually  refume  their  natural  colour, 
by  the  agency  of  a  power  entirety  independent  of  their  depo- 
lition  and  abforption :  that  this  is  probable  I  (hall  now  proceed 

fopnNpe. 

Befofe 
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««■■«""?"  ance  of  iheit  a 

Ul!  {XlU  Ol  ... 

and  tcpiaceci  by  new  i 


Mnn  pirtKubi      Before  it  wai  difcovcred  Ihal  miilderpoltencd  ibU  , 

tfTdhOrlnc'nf   "^  '''"ging  bonei,  plij  fioIogllU  liaJ  long  becD  of  opinjoii, 

(be  Motftiim     the  vatjous  parU  of  Ihe  body,  being  worn  oul  by  ilic  pdEgia- 

*  and  tundions,  were  gradutiily  leoiuved,. 

laleriali.      They  had    fe«n,  ai   Mt. 

J.  Bell  obferveii,  llic  whole  ol7eoui  fyftem  by  ibe  morbid  re- 

moval  of  iti  fulid  pari,  rendered  To  fuit  and  flexible  ai  to  tiod. 

umJer  the  common  weiglil  (if  Ihe  body  and  ordinary  action  at 

pacts  i  ihe  regeoeraliun  of  many  boiie«  which  had  been  d^ 

flioyed  by  difealei  ihe  rapid  abfarpllon  of  fat   in  fume  dil* 

eafes,  and  it*  fpecdy  reproduction;    and  iaflly,  ihc  gniat 

change  which  ihe  fluids  of  Ihc  body  undergo,  as  well  at  fome 

of  ill  infenlible  parlii,  the  hair  and  nails;  hence  ihey  fuppoU 

that  ihe  fame  procefi  of  change  and  rcnotfation  went  on  ia 

every  organ,  and  that  the  bodies  of  animals  were  not  canpolcd 

ol  the  fame  identical  parliclcs  of  which  they  would  con£Aat 

/uppafcd  CO  Ik  fume  future  period.     This  proccr-,  which  was  before  bntcww 

■  J> the jg^^yrji^  Qf  fupporled  by  analogy,  phyfiologills  toniidcredu 

fully  prot'ed  by  the  elTL-cts  of  madder  upon  the  ty)nes,     Thtj 

bad  by  lliin  meari'-  an  opprirtunily  of  feeing  ihe  liones  alltnd 

incoluui.  from  the  llighlen  lioL  lu  ihedoepell  red;   iheyondd 

obfervc  this  gradually  removed^  until  ihe  bones  had  regained 

their  natural  whitenafs ;  and  cKplaining  the  whole  procclJnk 

the  principle  of  dcpoCiion  and  abforpiion.  they  confidcred  il 

as  ocular  demonllralion  of  a  moll  rapid  changv  in  the  cuofr 

tucnt  dements  of  a  pari,  of  which,    from  iu  folidity,  tlUj 


«lily  lh>t 


uUi  frarcely  have  btli 
I   apprehend,  howev 
:planaiion  of  the  phi 
the  ofieous  parliclei  is  den 
that  phjiiologifis  have  foi 
However  indubitable  and 
which  aliribules  an  imnen 


J  ilfulcepiible. 

that   il  is  by  giving  S 

by  fuppoting  ihaE  a  change  in 
lied  by  en  alteration  in  their  coloar, 
firlered  this  faft  as  cone  lull  ve.~— 
well  fupporled  may  be  the  opioio^ 

piible  change  t< 

El  Cloffl 


of  the  U'dy.  we  fliall,  I  believe  difcover  upi 
eximinalion,  that  it  is  by  no  means  fupporled  by  (be  appear- 
ancei,  which  the  bones  difplny  on  the  exhibition  of  raaddct 
mm.  The  rapid  change  in  their  panicles,  which  (uch  ap- 
pearances indicate,  when  explained  in  the  common  way,  iscosw 
plelely  at  variance  with  all  the  procelTes  performed  by  the 
bones,  both  in  their  healthy  and  difeafed  Hates.  Tbiu  m 
find  llic  foimaliort  of  tfiv  uKific  matter,  called  Callus,  fui  lbs 


0«  TBS   BOVIS   OP    ANIMALS.  413 

union  of  ihiAiired  bonot,  or  the  exfoliation  of  a  part  of  a  bone,  For  tbe  poc^ 

are  procetTes  requiring  a  confiderable  length  of  time  for  their  Jfe  wtojillm 

performance.     In  Dr.  M^Donal<i'.<  experimenl^,  (he  formation  ibw. 

cif  9  regenerated  bone  required  nearly  iix  weeks;  but  during 

the  fame  fpace  of  time,  the  bones  of  the  faipe  animal  would 

be  renewed  feveral  times,  if  the  common  explanation  of  the 

communication  ami  difappearanceof  (he  tinge  of  madder  wera 

well  founded.     From  thefe  circumftance«,  I  am  led  to  believe 

that  the  appearances  produced  by  the  exhibition  of  madder, 

require  another  mode  of  explanation.     That  which  I  have  to 

offer  is  not  liable  to  the  fame  objeAioni,  and  is  ftroogly  fopt 

ported  by  comparative  experiments. 

It  was  obferved  by  Dn  Hamel,  in  hii;  experiments,  (hat  tbe  A  Smglk  cspla- 
hones  of  animals  which  had  been  deeply  tinged  by  madder,  ^  m^mwL 
by  long  expofure  to  air  loft  their  colour  and  became  white.-— 
It  was  this  fa^  which  fuggeftcd  to  me  a  fimple  explanation  of 
the  procefs.     It  occurred  to  me,  that  if  any  one  of  the  com« 
ponent  parts  of  the  blood  naturally  exerted  a  ftronger  attrac* 
tion  for  the  colouring  matter  of  madder,  than  the  phofphata 
of  lime,  it  might  be  deprived  of  the  tint  by  a  chemical  power. 
In  order  to  prove  this,  as  far  as  I  could  by  experiment,  I  took  J^^****^ 
one  dram  of  the  phofphate  of  lime  tinged,  as  m  Dr.  Rutber-  ftroofer  actnc« 
ford's  exj^eriment,  and  ex{>ofed  it  for  half  an  hour  to  the  ac-^^^fef  <!>• 
tion  of  two  ounces  of  frelh  ferum,  at  the  temperature  of  98  ^  madd«  thaa 
degrees.     By  this  operation,  the  fernm  gradually  acquired  a  Fjhofphatc  of 
red  tinge,  whilft  the  phofphate  of  lime  was  proportionably  '°^   **' 
deprrived  of  colour.     In  a  comparative  experiment,  a  (imilar 
quantity  of  tinged  phofphate  of  lime  was  expofed  to  theaftion 
of  diOilled  water  under  (imilar  circum (lances;  but  no  change 
took  place.     The  knowledge  of  thisi  (Irong  aliinilY  in  the  fe* 
ram  for  colouring  matter,  atfords  an  eafy  and  fimple  explana- 
ticm  of  the  eifc6ls  of  madder  on  the  bone^,  upon  tlie  principle 
of  chemical  attradlon. 
"'  Thus,  when  an  animal  has  madder  mixed  with  its  food,  the  Hence  tbe  boMt 
blood  becomes  highly  charged  with  it,  and  imparts  the  fuper-  much  nuader 
abundant  colouring  matter  to  the  phofphate  of  lime,  contained  is  ia  the  ^yftefl^ 
i^  thtf  bones  already  formed ;  as  it  circulates  through  them  and  ^^  ferum  wbn 
ihoiftens  them  throughout.      But  as  foon  ns  an  animal  has  thr  quantity  ba- 
ceafed  to  receive  the  madder,  and  the  blood  is  freed  from  tbe^"*** 
colouring  matter  by  the  excretions,  the  ferum  then  exerts  iti 
fuperior  attradlioni  and  by  degrees  entirely  abHracU  it  from 

the 
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^^  the  phofpliaie  of  lime,  and  the  b«Det  rcfune  tbffirV 

whiLeiief).     In  Diori,  ili«  bones  ate  ai  one  lime  tlyedil 

colouring  mailer,  at  another  lime  bteaclied  by  (he  TenM 

f hofphra  while     Whim  I  h3i-e  altempteJ  lo  explain  (he  prob«ble  maJ 

H    wit'a-'at,\y        "'(■■ch  (he  boiies,  already /armed  in  an  aninul,  at  ajj 

^B    blu  ilic  CO-       receive,  and  at  inoiher  are  deprived  o(  (he  cwlounBM 

^L   kuiiog  tMiter.  ^  „a(|,ier,  J  by  no  means  intend  tu  all'ert   (hat  ibe  pM 

^^K  of  hme  doef  not  acquire  a  fimilar  colour  duriag  it*  foMI 

^^H  the  ferum,  or  a(  (he  lime  i(  U  prccipiiaiert  (lom  it  to  vam 

^^M  thecompofiiiDn  of  ihebone«;  (hefaAis  indirputable.   iM 

^^H  however,  found  rrom  Tome  experiments  la(<;l|r  madS'fl 

^^H  hen  during  ovjparalion,  ihat  only  8  flight  tinge  can  Wj 

^^P  inunicaled  to   the  flielj,    furuied   wliilll  a  large   quMfl 

^^Innijileia        colouring  matter  ii  circulating  with  Hie  bl'iod.     Sodtglktfl 

'''^*  ii  the  blud),  lliat  il  would  not  be  fcen  by  a  comiaon  flM 

unlefi  ccnltalled   with  a  natural  egg:   whrch  i)  probil 

Ireafon  why  it  has,  1  believe,  been  denied  by  phyfi<l 
iJiat  the  fliell  of  an  egg  is  altered  by  the  exhibition  ofM 
Iflhit  may  be  coiifiilered  as  a  ted  of  the  tjuanuty  of  oq|i 
inaKei,  which  the  phofphate  atira£)«  at  the  time  it  is  feji 
from  the  blood,  it  furms  anollier  Rroiig  argument  agiil 
theoty,  which  Dr.  Rutbeiford,  and  all  preceding  pb)IM( 
liavc  adopted  ;  for,  cDnGllen(  wi(h  this  la^,  (he  bones  fl 
never  exhibit  more  than  a  flight  bluHi.  When  explained 
the  principle  of  chemical  atiiadion,  ve  fee  that  the  phi 
exhibited  by  (he  Iranci  of  an  animal,  by  giving  or  withholding 
madder  luct,  give  no  fupport  (o  the  opinion  ihat  the  vuioa 
parts  of  the  boily  continually  undergo  an  impeicepiibiechongB) 
and  I  cotiftder  it  a  lurlunaie  ciicumDaiice  fur  that  doAiint 
I  Tlic  itoOrinc  gf  thai   lo  fimple  an  rvplanalion  of  the  efTca  ut  madder  Cat)  b* 

»  npjd  >oa  ion.  gjyen.  For  whild  li)  fpcciuns  a  fad  has  been  conGdern),  t|f 
DOE  fuppurtid  (hehighel)  auihuritits,  as  complete  ptoof  ol  the  impercepiibk 
ion  ul  parts;  the  rapid  change  in  the  conflatncBt 
elements  of  the  bones,  which  the  comrounication  and  rftf- 
appearance  of  the  colour  tndicalea,  mufl  have  appcand 
aQonilhing  in  every  phyfiologill.  Of  ihts  I  cannot  give  yon 
a  fltonger  inllance  than  in  (he  words  of  Mr.  J.  Bvll.* 
Nothing,"  fayi  he,  "  can  be  nioie  cur>nu<  than  iJii);  cnntioaal 
renovation  and  change  of  parts  even  in  the  haidcll  bonct. 
We  are  BCiuftuined  lo  fay  ol  die  wh"!e  body,  (bat  it  a  daily 

*  Analomy  of  (bt  b«ncs,  tec.  p.  13. 
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;  that  the  older  particles  are  removed,  and  new  one^ 

i|^^  Ifafcir  place;  thai  the  bod^  is  not  now  the  fame  in- 

Kvidval  body,  Hiqft  it  M-as;  but  it  could  not  be  eafily  believed 

M  we  rpeak  only  by  guefs  concerning;  the  fof'ler  pirts,  Mrhich 

Ml  know  for  certain  of  the  bones. ---When  madder  i^  given  to 

itftels,  withheld  fur  fome  time  and  th<'n  given  again,  the 

Mktor  appears  in  their  bones,  is  removed,  and  appears  again 

tMblach  a  fudden  change,  as  proves  a  rapidity  ol^^  depofiiion 

iMlbrorplioD  exceeding  all  likelihood  or  belief;  all  the  bones 

IK  Tinged  in  lwent)*four  hours;  in  two  or  three  days  their 

pckm  is  very  deep,  and  if  the  madder  bo  left  off  but  for  a  few 

diji,  ihe  reil  colour  is  entin.*})  n-mov^d." 

Although  by  t!  :s   diemical   tixplanation  of  the   effedt  of 

Hdder  opon  tr.c  bones,  the  do6trine  of  the  imperceptible 

ilingein  the  component  pails  lA  animal  bodies,  lofes  the  fup- 

pBrt  of  a  h&,  whirl)  has,  iinre  its  difcovcry,  been  univerfally 

Mifidered  as   its  firongt-O  proof;  nevcrthelefs,  indifputable 

irg«aient».  derivd   fmro    (i:(fer*'nt  iburces,   ft i!i   place  that 

fcdrine  amongft  the  bed  fuf  p<Ttvi:  cpiniom^  in  pli\fiology. 


V. 
P*  Fairy  Rings  and  the  JVajU  *'f  Fijli  in  Scuiland,  Bj/  A,T. 

To  Mr.  NICHOLSON. 


SIR. 


fIa 


iVlNG  frequently  noticed  the  fairv-rfngsyourcorri*fpond«  Obfenratiooi 
eof,  M.  Florian  Jolly  mentions  in  )<jur  Journal  kn  February,  1  JJhether*2 
fKHild  be  glad  lo   know  from  him  whether  har^rs  or  rabbits  ring>  may  not 
dxninded  in  BroadlanHs  pnrk,  as  I  have  generally  obferved  ^*^*  ^""JJ*^ 
Ibefe  rings  mofl  prevalent,  in   iigiit  (iindy  foils,  (>articularly  rabbits. 
■Bong  rabbit  burrows.     This  fpccies  of  foil  trcim  its  dr)nef8 
iraald  be  very  unfavourable  to  (he  idea  of  thcfe  things  being 
(braed  from  a  central  heap  of  horfe  dung;  beiides,  were  this 
the  caufe  of  (hem,  we  (hould  expect  them  to  be  always  cir« 
cnlar,  or  when  not  circulars  that  thofo  parts  mod  remote  from 
the  centre  would  appear  not  to  have  beneficed  (o  (Irongly  from 
he  manure  as  thofe  which  were  nearer.     I  have  generally 
aliferved  that  the  rings  were  compofcd  of  a  double  circle,  or 
rather  a  little  circular  path,  (he  middle  of  which  appeared  to 

be 


he  trodden,  ind  the  edges  grown  op,  and  more  in  vq^ottf 
than  any  of  the  furrounding  grafs.  )  had  oocaofin  to  remark 
pne  ofihofe  fairy-rings  lafl  fumroer:  it  was  perfcdly  circular, 
and  about  ten  feet  in  diameteri  it  was  fituated  at  the  edge  of 
fL  copfe  wood,  and  in  a  vicinity  where  (here  are  abundance  of 
Ibofh  hares  and  rabbits;  but  what  appeared  to  me  mod  fingular, 
was  its  being  interfefled  exaiEily  through  the  middle,  by  a  well 
frecjueiT^ed  fuQt  palh.  The  hare  is  rather  given  to  gravity, 
the  rabbit  i^  more  playful;  but  whether  it  is  given  to  the 
^ufement  of  lounging  in  the  ring,  fome  of  your  n^ore  informed 
porrefpondents  may  be  enabled  to  inform  you. 
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Fi&  II  uiMloiil>t-     I  OBSERVE  fome  of  your  correfpondcnli  have  got  into 
%Jtilai,    "*     *  controverfy  refpedling  the  waftc  of  firti  in  Scotland,    No 
doubt  can  exift  upon  that  head ;  not  however  arifing  from 
the  wafteful  difpotitioo  of  the  natives,  their  delicacy  in  ap» 
petite  or  fuperabundance  of  provifion,  but  from  the  want  of 
a  market  for  the  confumplion  of  their  overplus.     To  talk  of 
Aberdeen  fifhermen  bringing  fre(h  fi(h  to  Newcallle,  Norwidi, 
or  Leeds,  is  as  ridiculous  as  to  propofe  taking  them  to  Am- 
flerdam,  or  London;  for  beddes  the  diflicuUy  of  again  making 
their  own  ports,  they  will  connanlly  find   an  over-Hocked 
market,  as  the  fame  weather  that  permits  them  to  fifh  will 
permit  their  neighbours  to  do  the  fame.     But  (he  grand  caufe 
The  fiihertet  of  of  all  the  waflc  is  (he  horrible  monopoly  which  their  country 
defcwd^  the  ^^'*"  ""der  in  refpeft  (o  their  fait  lawi«,  where  for  the  fak« 
opcAtion  or  tfat  of  a  few  pal(ry   pans,   Englilh   fait  is  excluded   under  the 
Calt  lawi.  fevered  penalties  although  it  can  be  delivered  in  any  part  of 

Scotland  at  one  half  the  price  that  we  are  forced  to  pay  fiir 
Scotch  fait  under  the  prefent  circumftance^.  Give  them  (all 
at  a  cheap  rate,  if  it  does  not  perpit  them  (o  export  the  fiOi, 
as  (hat  requires  capital  and  new  eHabliflimen(s,  it  would  at 
leaft  enable  them  to  fupply  the  interior;  a  thing  as  worthy  Umi 
attention  of  the  public  as  the  fupply  of  any  other  market  I 
know. 

Your  moA  obedient 
A.  T. 
Marches,  180o\ 


Lciier 
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VI. 

Letter fr<m  Amicus  r^Aing  the  Jkpfofid  Wafte  qf  Crab-Fi/k 

in  Scotkmd, 

To  Mr.  NICHOLSON. 
SIR, 

X  HE  very  rtfpeCtMe  and  didingalflTed  rank  wHicb  the  Phi-  ObfenratioiM 
lofophical  Journal  holds  among  the  periodical  publications  will  ^a^'"^^ 
at  all  times  prevent  its  becoming  the  vehicle  of  unneceilary  bodies  of  crab- 
difpute  or  contradiction  :  yet  as  public  information  and  utility  A?L*  ^^^^w 
in  lometimes  promoted  by  the  correction  of  miitakes,  when  U  «  bid  fpeciet 
this  is  likely  to  be  the  cafe,  any  thing  that  ca^  elucidate  a  fad  J*^  **  **- 
cither  mifreprefeoted  or  partially  dated,  isdoubtlefs  coropati-^e,  J^  ^^f^ 
ble  with  the  fpirit  of  your  publication.     In  your  48lh  number 
it  is  flated  by  **  an  Enquirer"  that  the  crab  fifliery  is  fo  pro- 
dudive  about  Arbroath  tliat,  after  boiling  them,  the  bodies  of 
the  crabs  are  thrown  away,  and  the  large  claws  only  brought 
to  table,  of  which  the  Enquirer  fays  he  has  been  a  witnefs. 
The  h&  is  literally  true,  but  wants  further  explanation.     It 
is  well  known  to  every  perfon  refident  on  the  coafls  where 
crab>fi(h  are  commonly  to  be  had,  that  many  of  that  fpeciea 
are  fcarcely  eatable,  being  often  found  after  boiling  to  contain 
hardly  any  thing  but  water.     The  writer  of  this  article  has  re* 
peatedly  feen  from  twelve  to  twenty  crabs  boiled  at  one  time, 
and  every  one  of  them,  more  or  lefs,  in  the  above  fituation. 
When  this  is  the  cafe,  the  meat  of  the  great  claws  (althougli 
Ihey  flill  may  be  eaten)  is  alio  watery  and  inlipid  compared 
to  thole  of  a  good  crab,  the  body  of  which  is  lilled  with  a 
very  rich  fubHance,  which  is  fo  far  from  being  thrown  away« 
that  it  is  in  general  efleemed  a  luxury,  even  where  crabs  are 
plenty.    Some  perfons  are,  indeed,  fond  of  the  claws,  who 
cannot  eat  the  bodies  at  all;  but  thefe  are  only  exceptions  from 
general  ta(le  and  common  practice.    The  claws  of  a  good 
crab  (as  hat  been  already  obferved)  are  much  firmer,  more 
rich,  and  fweet  to  the  tafle  than  thofe  of  an  inferior  kind, 
which  are  by  far  the  roofl  abundant.    The  claws  of  the  male 
are  larger  in  proportion  than  thofe  of  the  female :  the  male 
crab  if  aifo  reckoned  fuperior  in  quality,  except  for  a  very 
ihort  period  (in  what  time  of  the  year  I  have  not  been  able 
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to  afcertaiti)  when  in  the  the  opinion  of  fome  whd  pretend  to 
be  connoiflGnirs,  the  feomles  an  equal,  or  nearly  fo  in  delicacy. 
Crabs  are  in  C^fon  nine  months  in  the  year;  May,  June, 
and  July  are  the  only  months  in  which  they  are  not.  Some 
plfcatory  epicures  pretend  to  certain  marks  for  diftinguiihing 
good  crabs,  but  they  are  very  far  from  being  infiallible ;  per- 
haps the  mod  general  di(lin6tion  is,  that  a  good  crab  has  a 
(liell  of  a  dufky  red  colour,  with  a  certain  degree  of  rough- 
nefs»  particularly  on  the  claws ;  while  the  bad  Qpes  have  (beiis 
white,  clear,  fmooth,  and  watery  ;  but  the  di(lin6tion  is  much 
better  underOood  from  obfervation  than  any  detailed  account. 
Trufting  that' you,  Mr.  Exiitor,  will  have  the  goodnefs  to  io- 
fert  this  communicaUon,  and  that  your  correfpondent,  '<  the 
Enquirer,''  will  do  me  the  judice  to  believe  that  my  Cole  mo- 
tive for  troubling  you  was  to  give  information,  I  am  with 
efleem*  Sir, 

Your  mod  obedient  fervant, 

AMICUS. 

Arbroath,  March  4,  1 S06. 


VII. 

ProhabiUlif  that  the  Hindoos  uere  acquainted  with  SaHum^s  Ri^g* 

To  Mr.  NICHOLSON. 
SIR, 

J.  TAKE  the  liberty  of  requefting  the  infertion  of  the 
following  quotation  in  your  Phitolophical  Journal*  from  the 
7lh  vol.  of  Mr,  Maurice'*  Indian  Antiquities,  page  605.  If 
it  does  really  mean  (he  ring  oi  the  planet  Saturn,  perhaps  fone 
of  your  readers  can  explain  how  it  could  have  been  difcoverfd 
hy  the  Brahmins  in  fuch  remote  ages. 

Your's  refpedfuily, 
Jprill,  1806.  A,  B.  C. 

SutraA  from  **  ^  hdvc  already  intimated  in  a  former  volume,  that  the  ctrrfe 

Maurtce*s  In-    formed  around  Sam  (the  Saturn  of  ihe  Hindoos)  by  inter- 

^  *      *  twining  ferpents,  was  p. obably  inlonded  to  denote  his  Riiio. 

I  have  fince  had  the  figure  engraved  'or  the  reader's  infpedion 

and  decifion.     It  is  impoHibie  to  afccrlain  (he  exad  age  of  the 

|;i£lured  image  in  the  Pa^  ;d.)^  from  which  the  portrait  1»as 

taken; 
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taken;  hul  probabl jr  both  «rt  of  a  very  remote  age»  for  the 
Indian  pagodat  are  not  liibricatk»s  of  ye(lerdajr«  nor  in  their 
conceptions  and  defigns  are  thej  given  to  frequent  viciffitude. 
Now  ^  Sani  were  thus  defignated  in  very  antient  periods^  the 
64.  prove*  that  they  nmO.  by  what  means  can  fcarely  be  con- 
jeered,  have  difcovered  the  phenomenon  of  his  ring,  for' what 
faefides  could  that  jTerpeniile  oval  inclofing  the  body  of  Sani 
be  intended  to  re|iie(ent }  That  phenomenon  however  was 
not  known  in  Europe  till  about. the  year  1628,  when  Galileo^ 
with  the  firfl  perfed  telefcope  difcovered.  what  he  conceive^ 
to  be  two  fiars  at  the  extreme  parts  of  the  planet,  but  which 
in  f»t/fi^.f]Ujy9d  to  be  (he  anjk  of  that  rin^,  the  natural  ex« 
ifience  of  which  was  afterwards  demonflrated  by  Huy^ens  and 
fncoeeding  aflroopmers.  The  circumflance  is  not  (he  leaft 
wonderful  of  tbofe  thai  occur  in  the  difcuflion  of  Indian  anti- 
quities and  literature,  Ihaveftated  thefadl,  and  engraved 
the  image ;  I  leave  to  abler  judges  the  talk  of  decilion  ** 


VIII. 

EspUination  of  Tifoc  ketpert  confiruBed  by  Sir,  Thomtu  Earn* 
jhAtoi  for  uhkh  a  Reward  of  Three  Thoufimd  Founds  b»« 
awarded  by  the  Commil/ioneri  ofLongitude^  From  the  Com" 
Municalionis  vuide  by  him  io  the  Commiffioners  *. 

A  HE  model,  from  which  the  annexed  drawinjcs  were  taken  Defcript-Qii  of 
contains,  befides  the  parts  necefTary  if»  explain  the  nature  of  of*Mj.^£^JJ!^ 
the  Efcapcmepl,  a  box  inclofing  a  fpring,  v^hich  when  wound  lluiw*i  time 
up  communicaU"*,  by  means  of  (ome  more  wheels, aforce  lo  the  P*'^* 
baliintx'- wheel,  fufHcient,  when  the  balance  is  put  in  motion^ 
to  keep  it  in  adion  for  feme  time.     Tht^fe  wheeN  are  con- 
tained between  two  brafs  plates,  faflened  together  by  four 

upright 

*  The  Kfcapemcnt  with  a  model  was  communicated  in  JunCy 
180-1,  ar<..  ■  rubic^ueiit  explanation  in  March,  1805.  The  former 
is  here  gwen,  and  fo  much  of  the  latter  as  dire^^Iy  relates  to  the 
tiaie-icet|iers.  The  latter  paper  is  no  otherwife  shridged  than  by 
omitting  certain  obfcrvraions  upon  other  artilU,  and  fome  generai 
remarks  which  do  not  form  part  of  the  difclofure. 

I  have  been  Ibliritous  to  give  as  early  an  account  as  might  be 
piogtr,  ^f  the  Efcaptments  of  ^^Ir.  £arnfliaw  and  Mr*  Arnold 

3  which 
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Icfctiption  nf  upright  pillar^;  the  uppenno(H>f  ihefe  plalei  is  ihmi  wbid' f 
he  £fcapemeat  reprcfenlcd  by  Fig.  1ft.  plate  XIII,  where  PQRS  are  On  ibir 
kaw^t'dmtf'*  fcewji  that  take  into  the  heads  of  the  four  pillan  above  men-, 
lioned,  and  conned  it  to  the  retnaining  part  of  the  mfAleb 
The  plate  PQRS  contains,  however,  the  whole  of  the  piMf^ 
necedary  for  ihf  prcfent  purpofe.  The  fide  of  ihis  plate  le^J 
prcfented  to  view,  is  the  undermoft  when  fixed  in  the  moddi*^^ 
fo  that  the  figure  reprcfents  this  plate  as  taken  off,  with  Ihe-^ 
Ijde  next  to  the  balance  laid  upon  a  table,  and  the  eye  is  fiip^^ 
pofcd  to  be  placed  perpendicular  over  it. 

In  the  plate  PQRS  is  an  opening,  or  a  piece  taken  oott  j 

leprefented  hy  TUWXYZ.     In  this  opening,  the  bahoce^; 

wheel  ABCD,  pallet  MSK,  aud  part  of  ilie  balance  UV ai^ J 

feen.     The  balance-wheel  is  fupported  by  two  pieces  of  hnbi  ■ 

ONH,  OI;  the  piece  ONH  is  fcrewed  to  the  fide  of  llitf  : 

plate  near  ell  (o  view  by  a  firong  fcrew  /,  and  made  firm  hj  . 

finall  pins  reprefented  by^^^^t-r;  thefe  pins  are  calU 

ileady  pins;  tliey  are  riveted  faft  into  the  fupporting  pieq 

OH,  and  take  into  holes  in  the  plate  PQRS,  made  evaflly  to 

fit  them.     The  part  ON  of  lhi&  (upporling  piece  is  foppoM'. 

Co  be  raifed  above  the  part  <  H  by  a  joint  or  bend  ai  N;  Ijw 

other  fupporting  piece  01  m  fadened  to  the  oppofite.fidi  ot 

the  plate ;  and  between  ihefe  two  pieces  the  balance-wheel 

turns  frcefy  and  ileadily  in  tlie  dire^ion  of  the  letters  ABCD. 

The  fmall  wheel   MSK   is  called  the  large   pallet ;  it  is  a 

C}  lindrical  piece  of  ilecl,  having  a  notch  or  piece  cut  oat 4)f  il 

at  /  A  r ;  a<;ain(l  the  lide  of  this  notch  is  a  fquare  flat  pieoe  of 

ruby,  or  any  hard  (lone,  h  I,  ground  and  poliflied  vi^ry  fmoolh, 

and  fixed  fafl  into  the  pallet.     The  cylinder  is  fo  placed,  with 

rcfpecl  to  the  balance-wheel,  that  it  may  not  be  more  tlian  juft 

clear  of  two  adjoining  teeih.     EK  is  a  long  thin  fprin^,  which, 

(which  lafl  appears  in  No.  35  of  our  Journal)  as  they  have  beenfii 
highly  diflinguiihcd  by  the  national  munificence.     Some  difculfioa 
of  the  impiortant  fubje^l  of  time  pieces  may  be  feen  in  the  PhiloC 
Journal,  quarto  I'erios,  Vol.  I.  5f),  and  Vol.  II,  106.     As  I  cxpcd 
ihortly  to  be  favoured  with  a  valuable  communication  refpeAing 
the  original  inventors  of  free  'Scnpements  and  compenfations,  »id 
may,  according  to   circumftances,   offer  a  few  remarks   on  the 
lubieft  myfclf,  I  have  been  careful  in  the  firft  place  to  give  the 
accounts  of  the  above  mentioned  artills  in  their  own  words. 

W.  N.  . 
is 
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which  18  made  faft  at  one  end,  by  being  pinned  into  a  And,  G,  Dcfcrlption  of 
and  made  to  bear  genlly  againft  the  head  of  an  adjufiing  fcrew  ^iJt^^"^ 
fN;  the  other  end  is  bent  a  little  into  the  form  of  a  hook ;  to  this  lhaw*s  dnc 
fprtng  there  is  fixed  another  very  flender  fpring  at  y,  which  P**"' 
projects  to  a  fmall  diflance  beyond  it.     This  fmall  fpring  lies 
on  the  fide  of  the  thick  fpring  oeareft  to  the  balanc^wheel. 
The  adjafting  fcrew,  tn,  takes  into  a  fmall  brafs^cock^  «  pa 
which  is  fcrewed  faft  to  the  plate  PQRS  by  a  (Irong  fcrew  al 
p»     Upon  the  fpring  EF  there  is  fixed  a  femt-cylindrical  pin« 
which  ftands  up  perpendicular  upon   it,  and  of  a  fufKcienl 
length  to  fall  between  the  teeth  of  the  balance-wheel  ABCD. 
This  pin  is  called  the  locking-pallet,  and  is  placed  on  the 
oppofite  fide  of  the  fpring  reprefented  to  view.     Through 
the  center  of  the  cylindrical  pallet  MSK,  a  Arong  (leel  axis 
paflTescalfed  the  verge;  the  pallet  is  made  faft  to  this  axit, 
which  alfo  pafles  through  the  center  of  the  balance,  and  it 
made  faft  to  it;  it  has  two  fine  pivots  at  its  extreroities,  upon 
which  it  turns  very  freely,  between  two  firm  fupporting  pieces 
of  brafs  fcrewed  firmlj»  and  made  as  permanent  as  poffible. 
by  flemdy  pins  to  the  principal  plate  PQRS ;  one  of  thefe 
pieces  is  reprefented  in  the  figure  by  wyLi  the  part  tc;  is 
raifed  above  the  part  y  L  by  a  bend  or  joint  at  n ;  the  pstrt  y  L 
being  reprefented  as  fixed  firm  to  the  plate  by  the  firong  fcrew 
aty.    This  piece  is  called  the  potence,  and  is  exaft^y  fimifar 
lo  the  other  fupporting  piece,  which  is  called  the  cock,  that 
|s  (imilarly  fixed  to  the  oppofite  fide  of  the  plate  and  hid  from 
the  fight  in  the  figure.     A  little  above  the  cylindrical  pallet 
MSK  {as  it  appears  in  the  figure)  is  fixed  a  fmall  C)  lindrical 
piece  of  fieel  in,  having  a  fmall  part  projeding  out  at  t« 
through  which  the  verge  alfo  pafles;  this  is  called  the  lifting 
pallet  s  it  fixes  upon  the  verge  like  a  collar^  and  is  made  faft 
by  a  twifl,  fo  as  to  be  fet  in  any  pofilion  with  refpedl  to  the 
large  pallet  MSK.    The  balance  lying  below  the  plate  PQRS« 
only  the  part  UV  is  reprefented  lo  view;  the  continuation  of 
the  pofitioo  of  the  circumference,  however,  is  reprefented 
by  the  dotted  lines  ULH  V.    The  end  EG  of  the  long  fpring 
EF  being  made  very  (lender,  if  a  fmall  force  be  applied  at  the 
point  o  to  prefs  that  end  out  from  the  wheel  ABCD,  it  eafily 
yields  in  that  diredion,  turning  as  it  were  upon  a  center  at  G; 
it  is  alfo  made  to  Aide  in  a  groove  made  in  this  Itud  in  fuch  a 
snaaner  that  the  end  o  may  be  placed  at  any  required  difiance 
Vo&»  XIII. — SuPFLEMSNT,  G  g  from 
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IleibriptiMi  of  ffotn  the  center  of  the  verge.  Having  defcribed  ilie  fevtmf 
2ri ^^iK*"*  P**^^*  **  ^^^y  appear  in  the  figure,  we  next  coroe  to  their  con- 
4iaw*s  time  nexion  or  fituation  with  refpedl  (o  each  other.  Let  the  long 
piece.  Spring  KF  be  fuppofed  to  be  fo  placed  that  the  end  of  the  (lender 

fpring  yt  may  projedl  a  little  way  over  the  point  of  the  Kfiing 
pallet  in,  bat  not  fo  clofe  but  that  the  point  of  the  pallet  may 
paft  by  the  hooked  end  of  the  fpring  EF  without  toocbing  it ; 
the  head  of  the  adjuftmg  fcrew  m  h  alfo  fappofed  to  bemf  jeiitly 
on  the  inner  (ide  of  the  faid  fpring  EF,  or  that  nemreft  to  the 
wheel,  and  at  the  fame  time  the  locking  pallet  is  fo  placed 
that  one  of  the  teeth  D,  of  the  balance-wheel,  may  juft  take 
bold  of  it.  This  pallet  is  not  vtilble  in  \i%  proper  place  in  the 
ligare,  being  covered  from  fight  by  the  fcrew  m.  and  part  of  the 
fpring  EF;  its  poiition  is  therefore  reprefented  by  the  dot  4r»  on 
theoppofite  fide  of  the  wheel,  having  the  tooth  A  juft  bearing 
ap  againft  it.  From  the  above  defcriplion  of  the  feveral  parts  oi 
the  efcapement,  and  their  connexion  with  each  other,  it  will 
be  eafy  to  fee  the  mode  of  its  action,  which  is  as  foUovrs. ' 

A  force  being  fuppofed  to  be  applied  to  the  balance-wheel, 
fo  as  to  caufe  it  to  move  round  in  the  direction  of  the  leOers 
ABCD,  one  of  the  teeth,  as  D,  will  come  up  againft  the  locking 
pallet  (as  reprefented  at  A,  and  the  locking  pallet  hyk).  The 
wheel  is  then  faid  to  be  locked,  being  prevented  frcMB  moving 
forward  by  this  pin.  Let  the  balance  be  now  fuppofed  to 
reft  in  its  qaiefcent  pofition,  and  it  will  have  the  fituation  re- 
prefented in  the  figure ;  the  lifting  point  >,  of  the  pallet  nr« 
will  be  jufl  clear  of  the  projeding  end  of  the  flender  fpring/ 
the  face  ht  of  the  large  pallet  MSK  will  fall  a  little  below  the 
point  of  the  tooth  B,  and  the  balance  having  its  fpiral  or  helical 
fpring  applied  to  it  (which  is  here  fuppofed  on  the  other  fide  of 
the  plate  PQRS^  and  of  courfe  not  vifible  in  the  figure)  remains 
perfedly  at  reft  in  this  pofition.  Now  as  the  balance  ULHVf 
and  the  two  pallets  MSK  and  in,  are  fixed  faft  to  the  verge, 
it  is  plain  they  mafl  all  move  together;  let  therefore  the 
balance  be  carried  a  little  way  round  in  the  dircftion  of  the 
letters  VULH;  by  this  motion  the  end  }  of  the  lifting  pailstiMl 
will  be  brought  to  prefs  up  again  A  the  proj  edging  end  of  tbt 
ilender  fpring,  and  as  this  fpring  is  fixed  on  the  fide  of -the 
fpring  EF,  nearefl  to  the  balance-wheel,  the  point  t  will  prafs 
the  two  fprings  together  oat  from  the  balance-wheel;  then,  as 
only  the  point  of  the  tooth  D  (fee  its  pofition  at  k)  touches  tha 
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locking  pallet,  when  the  fpring  EF  wat  at  reft  again  the  bead  Dcfcnptioa  «r 
pf  the  fcrew  Pn,  it  will,  by  the  fpring  being  prefled  out  from  ^J^^^JJ^ 
the  tootbp  have  (lipped  off  (for  (be  locking  pallet  which  was  AawVtJai 
before  fuppofed  at  t,  will  now  be  at  a,  clear  of  the  tooth  A  of  P*^^« 
Ihe  balaiice^wbeel) ;  tlie  wheel  being  now  at  liberty  will  move 
round  by  the  force  fuppofed  to  be  applied  to  it ;  but  as  the 
point  t  of  the  lifting  pallet  moves  on  and  prelTcs  out  the  fpring, 
the  point  I  of  the  large  pallet  approadies  tbwards  ihe  point  of 
ihe  tooth  B  of  the  balance.wheel,  fo  that  when  the  fpring  £F 
U  fuflicienliy  puQied  out  to  unlock  the  wheeli  the  point  /  of  the 
large  pallet  will  be  got  to  d,  and  in  this  pofition  the  point  of 
the  (oolh  B  ol  ihe  balance*whcel  will  fall  upoji  il  (fee  Fig.  2>) 
where  the  tooth  B  is  reprefented  in  contad  with  the  pallet  at 
I;  9t  the  fame  time  the  point  of  the  tooth  D  has  juft  dropt  oflf 
from  tl>e  locking  pallet  m;  the  force  of  the  wheel  being  by  this 
Qieans  applied  to  the  top  of  the  pallet  hi,  gives  an  incraaied 
tnomenturo  to  the  balance,  and  affiils  it  in  its  motion  in  the 
time  diredion^  and  by  the  continued  motion  of  the  large  pallet 
ip  the  diredion  MSK  the  point  of  the  tooth  B»  which  keeps  i 

freffing  and  urgii^g  it  forward,  moves  up  towards  the  bottom 
^  the  face  of  the  pallet  towards  k,  until  the  plain  flat  furfaces 
^  the  tooth  and  pallet  come  into  con  tad  (fee  Fig  3);  by  this 
lime  the  «nd  o  of  the  (lender  fpring  has  dropt  off  from  the  point 
a  of  the  lifting  pallet,  and  the  two  fprings  have  returned  again 
inter  their  quielcent  pofition,  the  fpring  £F  gently  bearing 
againft  the  head  of  the  adjuAing  fcrew  m,  and  the  locking 
pallet  in  a  politioo  to  receive  the  next  tooth  C  of  the  balance^ 
wheel;  (lee  itie  pofition  of  the  point  of  the  lifting  pallet  at  i% 
fiig.  Sk  alio  the  locking  pallet  at  m,  and  the  approaching  tooth 
at  C.)     When  the  two  furfisces  of  tlie  tooth  and  pallet  are  thus 
io  contad,  the  greateft  force  of  the  wheel  is  exerted  upon  (be 
pallet,  and  of  courfe  upon  the  balance  moving  with  it.    The 
loolh  flill  prefiing  againft  the  (ace  of  the  pallet,  and  the  pallet 
aaoving  in  the  direflioa  M.SK,  it  at  laft  drop$  ot,  (fee  Fig  4, 
where  m  reprefents  (he  poiitioo  of  the  locking  pallet,  C  tb^ 
pofilioQ  ot  the  tooth  of  the  wlieet  ju(i  before  it  drops  upon  rt, 
•nd  2  k  the  pofition  of  the  face  of  the  large  pallet,  having  the. 
poirtt  of  the  tooth  B  juft  ready  to  leave  it  at  I,)  lea^ving  the 
balance  atperfed  liberty  to  move  on  in  the  (ame  diredion  in 
which  it  was  going.    }a&.  as  the  point  of  the  tooth  B»  which 
hat  been  preiBng  the  large  pallet  round,  is  ready  to  leave  it, 
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DelcHptkm  of  the  next  tooth  C  of  the  wheel  »  nlmoft  in  oontafi  wilb  ihf 
©TMr^^E^'  locking  pallet  m  (fee  />;^.  4)  fo  that  the  inftant  tbeloolli  V 
ihaw*idne  drops  off  (he  wheel  is  again  locked,  and  the  adion  of  Ihit 
piece.  footh  upon  (he  balance  is  fintftied.     As  the  balance  movet  ivMt 

the  greaieft  freedom  upon  its  pivots*  the  force  of  the  tootblMt 
given  it  a  conliderable  velodtj,  fo  that  the  bahnce  ftitl  keapi 
moving  on  in  the  fame  diredlion,  after  the  preflTure  of  Ifaetoodi 
h  removed  by  flipping  off  from  the  pallet,  ontil  the  force  of  Ike 
pendulum  fpring  (which  is  not  reprcfented  in  the  fignre)  faring 
continually  increafed  by  being  viround   op,   overcomei  Ikv 
moment  um  of  the  balance,  which,  fbr  an  inftant  of  tine^  iv 
then  Hationary,  but  immediately  returns  by  the  mdioii  of  tke 
pendulum  fpring,  which  exerts  a  conftderable  force  ipan  it 
in  unwinding  itfelf.     As  the  balance  returns,  the  point  t«f 
the  lifting  pallet  in  palfes  by  the  ends  of  the  two  fpringi  EF 
and  70,  and,  in  palfing  by,  pnfhes  the  projeding  end,  •,  af 
the  (lender  fpring  in  towards  the  balance- wheel,  ontil  klM 
palled  it ;  which,  as  foon  as  it  has  done,  the  prcje^ng  end  t 
again  returns  and  applies  iifelf  clofe  to  the  hooked  end  of  ttr 
fpring  £F,  as  before.     The  fpring  yo  is  made  fo  flender,  thrt 
it  gives  but  little  redftance  to  the  balance,  during  the  tiaelhe 
point  t  of  the  lifting  pallet  is  paffing  it,  and  of  courfe  caafcf  bfl 
little  (if  any)  decreafe  in  its  momentum.     During  the  tine  tke 
point  /of  the  lifting  pallet  is  pafling  the  fmall  fpring  70»the  loeg 
fpring  EF  remains  fteadrly  bearing  againft  the  bead  of  Ike 
adjufYing  fcrew  m,  as  the  hooked  end  at  o  juft  lets  the  end  of 
the  lifting  pallet  pafs  by  without  touching  of  it.     At  the  fpriflg 
has  now  been  continually  a£)ing  upon  the  balance,  from  Ike 
extremity  of  its  vibration  in  (he  direction  MSK,  it  has  given  it 
the  greatcft  velocity,  when  the  point  t  of  the  lifting  pallet  u 
pafTrng  (he  end  o  of  the  flender  fpring ;  for  at  this  inftant  the 
fpring  which  was  wound  up  by  the  contrary  diredion  of  tke* 
balance,  is  now  unwound  again,  or  in  the  fame  ftate  as  it  waa 
in  its  quieCcent  pofition  at  firft,  and  bf  courfe  has  no  efleQ 
apon  the  bnlance  at  all  in  cither  direction ;  but  the  balance 
having  now  all  the  velocity  it  could  acquire  from  the  unwinding 
of  the  fpring,  goes  on  in  (he  direction  U  VHL,  until  the  force 
of  this  fpring  again  flops  it  and  brings  it  back  again,  moving 
in  the  fame  dire^ion  as  at  firfl,  wiih  a  confiderable  velocity* 
By  this  return  of  the  balance,  the  point  %  of  the  lifting  paHct 
comes  up  again  to  the  projedling  end  o  of  the  flender  fpring, 
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pafbes  back  Ih*  long  fpring  LF,  and  unlocks  the  wheel;  and 
aoodier  tooth  falling  upon  the  face  of  the  pallet  hi  gives  freOi 
fKTgj  to  the  balance :  and  thus  the  adion  is  carried  on  as 
hdbre. 

The  Efcapement  fbould  be  made  in  the  following  manner :  Inflniaio«  i 
Hk  pivots  of  the  balance  axis  (hould  be  the  fize  of  the  verge.  ^°*  ^ 
firots  of  a  good  common  fixed  pocket  watch«  and  of  the  fliape 
if  Hf  .  5.  PI.  XIII,  which  will  greatly  add  to  their  arength.  the 
flOrrme  end,  or  afling  part  only  being  ftraight;  tlie  jewel 
ye  (hould  be  as  ihallow  as  poflible,  fo  as  not  to  endanger 
caltmg  the  pivot,  and  the  part  of  adion  of  the  hole  made  quite 
ktck  with  only  a  very  (lialiow  chamfer  behind  to  retain  the  oil; 
^p  boles  are  very  bad,  for  when  the  oil  becomes  glutiuoas^ 
it  will  make  the  pivots  Rick  fo  a«  to  prevent  the  balance  from 
its  iifiial  vibration.    The  pallet  (bould  be  half  the  diameter  of 
Ibe  wbeelt  or  a  little  larger,  for  if  fmaller,  the  wheel  will  then 
Aave  loo  nuch  a€tiOQ  on  it,  which  will  increafe  fridion  mod 
coafid«rably,  and  likewife  caufe  the  balance  to  fwing  fo  much 
iuihcr  to  clear  the  wheel;  confequently  acheck  in  the  motion 
of  the  balance  may  flop  the  watch.    The  face  of  the  pallet 
iboald  run  in  a  line  of  equal  diflance  between  the  centre  of  the 
^llet  and  its  extremity,  and  not  in  a  right  line  to  its  centre, 
ihat  is  an  increafe  oH  fricliun,  and  a  lol's  of  that  po^er  which 
b  obtained  by  the  wheel  acting  on  the  extremity  of  the  pallet; 
ifcis  is  clearly  proved  by  time,  by  the  hole  worn  by  the  points 
,of  teeth  in  all  pallets  that  run  in  a  line  to  the  centre.     The  fcape 
•rbeel  teeth  (bould  form  the  fame  diredion  as  the  face  uf  the 
pallet,  onder  cut  for  the  faid  purpofe  of  avoiding  fridion,  and 
maintaining  the  power,  and  for  I'afe  locking.     The  points  of 
Ihe  wheel  teeth  mufl  not  be  rounded  off,  but  left  as  (harp  as 
|K>flible,    The  pivots  of  the  fcape  wheel  are  to  be  a  very  little 
larger  than  the  balance  pivots. 

The  wheel  is  locked  by  a  fpring  inflead  of  a  detent  with  Detent  witk 
pivotSf  as  the  French  have  made  them,  for  thofe  pivots  mud  *?«•"«]*"■*• 
bave  oil,  and  when  the  oil  thickens  then  the  fpring  (ff  the  pivot 
detents  is  fo  affeQed  by  it  as  to  prevent  the  detent  from  falling 
Into  the  wheel  quick  enough,  the  confequence  of  this  is  ir- 
rqjttlar  time  and  Roppage  of  the  watch,  and  if  ever  fuch  a 
watch  went  well  lor  twelve  months,  chance  mu(l  have  hac)  by 
fitf  the  moft  hand  in  it. 

When  the  fpring  i^  planted  on  the  fide  of  the  wheel,  as  in  How  to  plso 
91/  efcapemeotSy  the  part  on  which  the  wheel  refts  (hould  be  ^^^^^''^ 
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i  Itltle  (hcrt  of  a  right  angle,  fo  (hat  the  wheef  ittiy  1iaf«  9 
tendency  to  draw  the  fpriiig  inlo  it,  for  if  ftopped  the  other 
WRj,  or  be\ond  a  ri^ht  angle  it  will  have  a  tendency  to  pnfi 
the  fpring  out ;  in  thai  caft;  the  wheel  will  have  liberty  to  mo; 
(he  wheel  flioaKl  take  no  more  hold  on  the  fpring  (ban  jfift 
fttSicient  to  ilop  it,  for  if  more^,  fridtion  will  be  increafed. 
The  frnall  return  fpring  (houid  be  as  thin  as  poflible  at  the  esd 
ftidcned  to  the  other  fpringi  but  at  the  outer  end  a  litth 
thicker;  the  fpring  (Iiould  be  planted  down  as  ciofe  to  (h^ 
ifrheel  as  to  be  j lift  free  of  if.     The  difcbarging  pallet  about 
one-third»  or  near  one-half  tl>e  fi^e  of  the  large  or  main  pal- 
let, the  face  of  it  in  a  right  line  to  the  centre,  the  back  of  it 
a  little  rounding  and  off  from  the  cerltre.     Great  care  nil 
be  ufed  in  taking  off  the  edges  of  this  difchargtng  piece,  to 
make  it  round  to  prevent  cutting  the  fpring^  nor  can  it  beowdi    « 
too  thin  fo  it  does  not  cut ;  the  end  of  it  nearefl  the  b^lhhit 
ihould  be  a  little  more  out  from  the  centre  of  the  baYlanceasi 
(hafi  the  lower  part  of  it  towards  the  pofence^,  for  countefif 
ading  the  natural  tendency  of  the  fpring  downwards  from  tlie 
preflTure  of  the  Icape  wheel ;  and  that  part  of  the  fpring  (M 
which  the  wheel  refls  fliould  be  flopped  a  little  down  (0  give 
(he  wheel  a  tendency  to  force  it  up,  to  coun^era^  thenator^ 
inclination   the  wlietl  has  to  draw  it  down  by  its  prefluftt 
on  it. 
CoaftruAioB  of      The  balance  is  (o  be  made  of  the  beH  flcel,  and  (orned 
the  balance  with  ffQf^  \{^  own  centre  to  its  proper  fize,  then  put  it  into  a  crih 
weights.  Sec.      ctble  with  as  much  of  the  beft  brafs  as  when  melted  will  cover 
it.     The  brafs  melted  vvi!l  adht^re  to  the  f(eel  (lor  if  any  other 
mcta)  is  ulied  by  way  of  folder,  that  watch  cannot  go  well), 
then  turn  it  to  its  proper  thicknefs  and  hollow  it  out  fo  as  to 
leave  the  fteel  rim  about  the  thicknefs  of  a  repeating  fpring 
to  a  fmall  (ized  repeating  watch,  turn  the  brafs  to  twice  or 
near  three  times  that  thicknefs  of  fieel,  crof<  it  out  with  only 
one  arm  flratght  acrofs  the  centre,  and  at  euch  end  of  the 
■rm  fix  two  Icrews  oppollte  to  each  other  throiigli  ilie  rim  ff 
the  balance  to  regulate  (he  watch  to  time,  the  diameter  of  the 
headii  of  thefe  fcrews  about  equal  to  I  lie  thicknefs  of  the  ba- 
lance, fa  little  more  or  lefs  is  not  material.     The  compenfa- 
tion  weights  fliouid  be  made  of  the  bell  brafs  and  well  ham- 
mtred,  and  a  groove  turned  to  let  the  rim  of  balance  inlo  it^ 
^nd  this  111',  iild  be  cut  into  fourteen  equal  parts  by  a  wheel  eii- 


f  iaf ,  thio  yc«  will  have  feven  pair  of  pieces  of  equal  fixe 
and  weight;  two  of  thefe  pieces  being  fcrewed  on  the  rim  of 
the  balance  at  eqoal  diflancet  will  produce  an  equilibriam,  a 
balance  ^n  the  full  fenfc  of  the  word,  equal  in  all  its  parts. 
In  making  balances  great  care  Aiould  be  taken  that  they  get 
no  bruifcs  or  bendings»  for  if  they  get  a  bruife  on  one  (ide  fo 
^iq  indent  the  melal,  that  parjt  will  be  lefs  aflfeded  by  heat 
a^d  cold  than  the  other  parts  which  have  not  received  the 
t^LSQfi  violence  to  clofe  its  pores. 

To  adjuli  the  balance  in  heat  and  cold-^put  the  watch  into  Adioibneot  to 
about  85  or  90  degrees  of  heat,  by  the  common  thermometer;  J^^JJ^^*" 
mark  down  exaAly  how  much  it  gains  or  lofes  in  19  boars, 
then  pot  it  into  as  fevere  cold  as  you  can  get  for  12  boors,  and 
if  it  gains  one  minute  more  in  1 2  hours  in  cold  than  in  beat', 
move  the  compenfatipn  weights  farther  from  the  arm  of  the 
balance  about  ^  of  inch,  and  if  it  gains  one  minute  more  In 
i  2  hours  in  heat  than  in  cold  move  the  weights  ^  of  inch 
nearer  to  the  arm  of  the  balance,  and  fo  on  in  the  like  pro* 
pc^lion,  trying  it  again  and  again  till  you  find  the  watch  go  the 
lame  in  whatever  change  of  heat  or  cold  you  pat  it. 

Much  difficulty  has  fallen  to  the  lot  of  watchmakers  in  the  "-^  hi  all 

endeavour  to  make  timekeepers  go  nearly  the  fame  in  the  dif*  ^      ^* 

ferent  pofilions.    I  have  had  my  (hare  of  this,  but  it  is  now 

over ;  by  far  the  greateft  part  of  this  difficulty  arifes  ftom  the 

Ibalanoe  fpring  not  being  properly  made.     But  if  the  fpring  Is  Rule*    If  th« 

made,  as  I  (hall  defcribe  hereafteri  you  have  only  to  make  p^^jj^^  wilUo 

the  balance  of  equal  weight  and  it  will  go  within  a  few  fe- nearly  alike  in 

conds  per  day  in  all  portions  alike,  and  if  it  vibrates  not  more  jl*  I»fiap«"» 
•  •111  r      t.  ^  Correa  It  by  id* 

than  one  circle  and  a  ^,  by  applymg  a  Imall  matter  of  weight  ding  weight  to 

to  that  part  of  the  balance  which  is  downward  when  in  the  ^*  *®T^*  P*^ 
poiitiQn  tliat  it  lofes  moO,  will  corre^  it  with  great  accuracy ;  pofition  if  tbt 
but  if  it  vibrates  more  th^n  one  circle  and  a  {,  then  it  will  (»**  ^*^^®^ 
require  the  weight  to  be  above  inftead  of  below ;  and  aAer  j£  morc'degreti 
the  watch  .has  been  going  a  few  months  and  its  vibration  then  add  to  tfat 
fliortens  to  one  J  circle,  then  it  will  go  worfe  and  worfe  by  Jw^'^^^e- 
leafon  of  the  weight  being  in  the  wrong  place  ;   therefore,  to  rate  vibratioa is 
avoid  this  evil,  \t  is  abfolutely  neceflary  to  confine  the  vibra-  ^^* 
tions  to  one  |  circle,  which  will  produce  the  mod  Heady  per. 
formance.     It  is  common  for  watchmakers  to  adore  a  time* 
keeper  when  they  iV;e  it  vibrate  a  circle  and  a  half,  or  more, 
fad  form  ^n  opinion  of  its  ei^cellence  from  th;s  oply ;  but  I 
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know  from  experience  what  would  be  the  conlequeacc^ 
have  been  comlemned,    becaafe,    when  I  have  fees  fid| 
watches  I  faid  I  faw  enough  to  declare  that  U  woold  not  gpVi 
very  accurate  performance. 
Cooeerninftbe       Balance  fprin^r.     To  find  out  the  inviEble  properties  of  tbn 
balaocc  fpnng.  gppi^pent  Hmple  part  of  the  machine^  has  given  macb  mam 
trouble  than  all  the  rc(!.    I  defpaired  of  bringing  timekeepeii 
to  the  (late  I  have  done,  and  unlefs  ihofe  bidden  propertki 
are  known  to  timekeeper  makers,  however  well  they  aty 
execute  all  other  parts  they  will  find  their  rood  bnguioeei* 
pedations  frufirated.     I  have  feen  watchmakers  boaftof  ihcii 
timekeepers  going  well  for  a  month  or  two*  and  from  Iht 
knowledge  I  had   of  the  efl'efls  produced  by   the  baluei 
fpring»  I  have  told  them  that  a  month  or  two  more  woaldibt 
firoy   their  hopes.     The  cylindrical  fpring  being  in  all  ill 
turns  of  equal  didance  from  the  centre,  in  courie  every  Im 
will  be  of  equal  (Irength,  and  called  ifochroual,   and  hfr 
lieved  that  all  vibrations  whether  long  or  (hort  would  he  per* 
formed  in  the  fame  time  ;  but  this  is  not  true,  for  if  a  niaii 
to  go  four  milejK  in  the  fame  time  as  he  has  gone  one  mile,  ht 
cannot  do  it  with  the  fame  power;  no,  he  muft  haveinpel- 
ling  force  to  quicken  his  motion,  or  he  will  be  four  times  a^ 
It  IS  made  ts-     long  in  doing  i(.     Therefore  infiead  of  the  fpring  beii^  equl 
pering.  jn  all  its  parts,  it  mu(l  be  made  to  increafe  in  thickneft  to  the 

outer  end,  in  fuch  proportion  as  will  caufe  the  balance  whei ' 
thrown  to  a  greater  diflance  to  return  fo  much  the  quicker  to 
make  them  equal ;    by  long  perfeverance  I  found  how  to. 
Bake  fuch  fpring^^  and  then  I  thought  I  had  got  all  I  wiOie4 
for.     But  cruel  difappointment  nearly  broke  my  heartf  ior\ 
found  1  had   yet  another  difficulty   to  break  down,  as  ny 
watches  with  fuch  perfe^  fprinj^s  were  continually  lofingon 
their  rates.     What  farther  to  do  I  knew  not,  and  I  own  I 
was  nearly  if  not  quite  mad.     But  obftinate  in  the  caufe  and 
refolving  not  to  give  it  up  but  with  life,  perfeverance  came 
once  more  to  my  aid— rand  with  flill  more  unremitting  ftudyi 
which  nearly  finilhed  me,  before  I  applied  the  following  re* 
medy  for  the  before  mentioned  evil,  1  found,  in  the  courfe  qf 
Spfingi  ve  fub-  reafoning  on  bodies,  that  watch  fprings  relax  and  tire  like  the 
if^  ^c\!^^*'  human  frame,  when  kept  conflanlly  in  motion,  and  this  nay 

tion  of  force  i  t        ,        •  •• 

which  is  regain-  be  proved  by  the  following  experiment:  let  a  watch  tUat  ha% 

cd  by  reft.         |xen  jgoing  s^  few  months  go  down,  let  it  be  d^v^n  for  a  week 


or  two,  or  flDdre,  then  Tet  it  going,  and  if  it  be  a  good  fine*' 
keeper  fo  as  not  to  be  ilTeded  by  the  weather  it  will  go  fome 
feconds  per  day  fofler  than  it  did  when  it  was  let  down,  bat 
it  will  again  lofe  its  quicknefs  in  a  gradual  manner  gaining  left 
and  lefs  (ill  it  comes  to  its  former  rate.  Therefore  finding 
that  ifochronal  fprings  woald  not  do — and  likewife  having 
asade  fprings  of  fuch  Qiape  as  would  render  long  and  (hort  vi- 
brations equal  in  time — conftantly  lofe  the  longer  the  watcb 
went,  I  then  ipade  them  of  fuch  fliape  as  to  gain  in  the  (hort 
vibrations  about  five  or  fix  feconds  per  day  more  than  the 
long  ones,  this  quantity  could  only  be  found  by  long  expe- 
rience, and  the  way  I  proved  this  was  to  try  the  rate  of  the  This  ffiaailtl» 


watch  with  the  balance  vibrating  s|bout  \  of  circle,  then  ^'^•cd  J^^^ imte 
its  rate  vibrating  one  circle  and  a  |,  and  if  the  (hort  vibra-  which  may  be 
tions  go  flower  than  the  long  ones  that  watuh  will  lofe  on  its  ?y*"^|f^^ 
rate,  and  if  they  are  equal*  it  will  likewife  lofe,  but  that  only  f^cd  to  die 
^om  relaxation,  and  if  it  gains  in  the  (hort  vibrations  more/f^'^^ 
fhanfiveorfiK  feconds  in  twenty-four  hours  it  will  in  the  ^onf^^Uon^ 
long  run  gain  on  its  rate,  but  if  not  more  thaj|  that  quantity^ 
ftnd  the  timekeeper  is  perfed  in  heat  ai^d  cold  and  every  olber 
part,  the  above  properties  will  render  it  deferving  .of  the 
name  of  a  perfed  timekeepers  and  this  is  a  principal  caufe  qS 
my  timekeepers  excelling  all  others,  and  this  the  principul 
fftufe  of  fome  of  my  timekeepers  going  better  than  othen, 
though  made  by  me,  the  fprings  of  them  being  made  to  ac- 
cord more  exadlly  to  the  above  proportions ;  and  this  is  the 
caufe  which  has  enabled  me  to  foretel  what  my  timekeepers 
would  do,  which  Dr.  Maskel|ne,  Mr.  Crosleyi  and  others 
can  tefiify.  The  above  effedt  is  produced  as  follows.  I  find 
the  common  relaxation  of  balance  fprings  to  be  abput  five  or 
(ix  feconds  per  day  on  thejr  rates  in  the  courfe  of  a  ^ear,  there* 
fore  if  the  (hort  vibrations  are  made  by  the  (bape  of  the 
Ipring  to  gu  about  that  quantity  fafier  than  the  long  ones,  and 
as  the  fpring  relaxes  in  going  by  time  fo  the  watch  accumiu 
lates  in  dirt  and  thickening  of  the  oil  which  (bortens.  the  vi« 
brations,  the  (hort  ones  then  being  quicker,  compenfates  for 
the  evil  of  relaxation  of  the  balance  fpring.  From  this  it  it 
plain,  that  the  caufes  of  efror  in  timekeepers  are  not  unde- 
fined and  vague  in  their  nature,  which  has  been  fuppofed  | 
|br  when  it  is  certain  that  all  caufes  of  error  may  be  over 
f  pfDpenbted  we  cannot  defpair  of  finding  the  medium,  and 

which 
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vhick  BMij  be  eafily  proved  by  examioipK  tbe  gDing  of  w§t 
tioMekeepers.    It  will  Ihere  appear  liiai  what  error<«  (hey  aii|J 
fubjed  to,  arife  from  caufes  certain  and  natural,  aiid  incwtfAi  J 
may  be  correfled  by  art*.  " 


IX. 


r 


Eiptrimental  Enquiri^  into  the  Proportion  of  the  fcvernl  Qajtt  or 
Elafiic Fluids, conjliiuting  the  4tmoJphere.  Bi^Joh'sDa  iTom jf ' 

On  th-  compo.  IN  a  former  paper  which  I  fiibinittcd  tq  this  forietv,  "  on  tW 
^•tttf^bnie.  <^nAitul'i<)n  of  mixed  gafes/'  I  adopted  fuch  proportions  of 
(he  firople  elaftic  fluids  to  confiitule  the  atmofphere  a«  wfre 
then  current,  not  intending  to  warrant  the  accuracy  of  thni 
all,  as  dated  in  the  faid  paper;  my  principal  objeA  in  thij 
rfliy  wa5y  to  point  out  the  manner  in  which  mixed  elaflic  Aoidl 
exift  together,  and  to  infid  upon  what  I  think  a  very  importadl 
and  (fundamental  pofition  in  the  do£lrine  of  fuch  flaidi:— 
namely,  that  the  eladic  or  repulfive  power  of  each  parlicfo 
is  confined  to  thofe  of  its  own  kind;  and  confequently  the 
force  of  fuch  fluid,  retained  in  a  given  veflel,  or  gravitatiifi 
is  the  fame  ia  a  feparate  as  in  a  mixed  finte,  depending  apon 
its  proper  denilty  and  temperature.  This  principle  acconh 
with  all  experience,  and  I  have  no  doubt  will  foon  be  per- 
ceived and  acknowledged  by  chemids  and  philofophers  in 
general ;  and  its  application  will  elucidate  a  variety  of  faSi. 
which  are  other  wife  involved  in  obfcurity. 
Ohr^i  of  daii  The  objedls  of  the  prefcnt  eflay  arc, 
j/to  deter-  1.  To  determine  the  weight  of  each  fimpic  ^tmofphnti 

mine  ihe  weight  abftra^edly  ;  or,  in  other  words,  what  part  of  the  weight  o 
mofphcrc!^*  *  "  '1^^  whole  compound  atmofphere  is  due  to  azote;  what  to 
oxygen,  &c.  &c. 

ind  the  re-  2.  To  determine  the  relative  weights  of  ihe  different  gafes 

lative  weights  of  in  a  given  volume  of  atmofpheric  air,  fuel)  as  it  is  at  the  earth't 

of  the  gates  »t      r    c 
the  fuffaec  of      '""ace. 

l)u  earth 

*  To  this  communication  Mr.  EamHirAv  has  annexed  two  plates 

with  dcfcriptions,  fliewing  the  parts  of  his  time-piece;  all  which* 

except  thole  of  the  Efcapcment  (which  we  have  given)  are  capable 

of  the  lame  variations  as  thote  of  any  other  goo<i  movements.    He 

afferts  that  the  beil  tmin  for  time  keepers  is  18,000  ;  that  the  fcape 

wheel  for  pocket  ones  fliould  have  1 5  teeth,  and  for  box  ontt  11.^ 

teeth.' 

t  Manchcfter  Mem.  Vol.  Y* 

13.  ?i 
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S.  To  inTcAigate  (lie  pfoportioos  of  the  gifes  to  each  btheri  *^^^^^  **  ^ 
(iich  as  thejf  ought  to  be  found  at  difierant  elovations  above  tbe  tLns.'^' 
earth's  furface. 

To  thofe  who  confider  the  atmofphere  as  a  chemical  com- 
pound, thefe  thrpe  objeds  are  bat  one'^  others,  who  adopt  my 
bypotheHs,  will  fee  thejr  are  eflentially  diQir^d.     Wkh  refped 
to  the  fiifl:  |t  is  obvious,  that,  on  my  hypotbefis,  the  denfity  Now  esch^ai^ 
and  elaftic  force  of  each  gas  at  the  earth's  furface,  are  the  J^^ft?J^ 
e§e^s  of  the  weight  of  tbe  etnoTphere  of  that  gas  folely^  the  whole  wp'ghti 


different    almofpheres    not    gravitating    one  upon   another.  J^T^^i^ 
Whence  the  fitfl  objcQ  will  be  obtained  by  afceilaiuing  what  fprlAg «id  chat 
Ihare  of  elafiic  force  is  due  to  each  gas  in  a  given  volume  of  W  **  v»ia«l« 
the  compound  atmofphere ;  or^  which  amoiints  to  the  fame 
thing,  by  finding  how  much  the  given  Volume  is  diminiCbed 
under  a  conllant  prefTure,  by  the  abilraAion  of  each  of  'tis  in- 
l^redients  fingly .     Thus,  if  it  Ihould  appear  that  by  extracting  TaJ^e  «way  cm 
the  oxygenous  gas  from  any  maCs  of  atmofpheric  air,  the  **^  ^  a"^  ■•* 
vi'liole  was  diminiflied  f  in  buM^,  firll  being  fubjeCt  to  a  preflure  voluae  repra- 
pf  30  inches  of  mercury ;  then  it  ought  to  be  inferred  that  tbe  f«nt«  its  prefliirt 
oxygenous  atmofphere   prefles  the  earth  with  a  for ce  of  fix  ^  ij,,5  ^^ 
inches  of  mercury,  &c.  yhext. 

in  order  to  afcertain  the  fecond  point,  it  will  be  farther  The  weights  of 
neceflary  to  obtain  the  fpecific  gravity  of  each  gas ;  that  if,  •^^  »*•  *" 
the  reiatii«e  weights  of  a  given  volume  of  each  m  a  pune  Aato^S^  f^tMft]£; 
fubjod  to  the  fame  preiTure  and  temperature.     For  the  weight  l"wiy. 
of  each  gat  in  any  given  portion  of  atmofpheric  air^  mull  be 
in  the  compound  ratio  of  its  force  and  fpecific  gravity. 

With  refpecl  to  the  third  objedl,  it  may  be  obferved,  that  The  propordoot 
fhofe  gafes  whicli  are  fpeci^cally  t}ie  heaviefl  muft  decreafe  **  ***^*^®"^ 
in  denfity  the  quickefl  in  alcending.     If  the  earth's  atmofphere  tained  im^chi 
had  been  a  homogeneous  elaAic  fluid  of  the  fame  weight  it  is,  pnv^Afln  wiit^ 
but   ten   times  the  fpecific  gravity^  it   might  eafily  be  d^Umt  m^mtm 
jDonftrated  that  no  fenfible  portion  of  it  could  have  arifen  toi^compatatioa* 
fhe  fummits  of  the  highefl  mountains.     On  the  other  hand,  an  acmo^he^^ 
atmofphere  of  hydrogenous  gas  of  the  fame  weighty  would 
fupport  a  column  of  mercury  nearly  29  inches  on  tbe  fummit 
pf  Mount  Blanc. 

The  fevera!  gafes  conflantly  found  in  every  portion  of  at«i 
|Dofpheric\  air,  and  in  (iich  quantities  as  are  capable  of  being 
appreciated,  are  asotict  oxygenous,  aqueous  vapour,  and 
pafboDic  acid.     Il  is  probable  that  by drc^enoiis  gas  alfo  is  con- 

5  fianty 


(Iintly  prcfentj  hul  in  fo  fmall  proporlioti  tA  ntAtoht  i 
teAed  by  any  tell  we  are  acquainted  with;  il 
be  confounded  in  (he  large  inafi  ol'  azoiic  gax. 

1 .  On  the  Ktight  qfihe  Oxj/gtwrn  emd  Aiotic  4t» 
Viriou»  prucelles  have  been  u(ed  10  deleroiine  the  ^ 


•tDKifphtR. 


P 

1      4.: 


(ulpfauc 


1 .  The  raiMure  of  nilrou*  gas  »iid  «if  over  water. 

2.  Cxpofing  ibeair  lo  liquid  fulphutet  uf  |>oialb 
'ith  or  withuul  agitalicin. 

3.  Exploding  h)dri>gen  i;at  and  air  by  eleartcily. 

4.  £xpi>l>ng  the  air  lo  a  Mution  of  green  fulphat 
4.  %\faUn  m    -f  ■^J^^       water,  llroneiy  imptegnaled  wuh  nitrout 
irM'                     ^*  burning  phofphorus  in  (he  air. 
J.  Buruiog              In  all  i\y^i^.  tafes  the  oxjgfn  enlers  into  coal 

lofes  its  elailiciiy  ;  and  if  llii-  feveral   piocefTci  he 
Ikitfulty,  the  reluiii  are  precifvly  iiic  Une  Ooin  all. 
parts  of  the  earth  and  at  every  Icafun  dI'  iho  year, 
vfany  given  quantity  of  aimnfphcric  air  appeari  (a  be 
nearly  21    per  cent,  by  abllrafling  its  uxygen. 
indeed,  has    not    been   generally   admilled    till  laletjl 
cheinifli  having  found,  an  iliey  apprehended,  «great 
in  the  quantity  of  oxygen  in  the  air  at  ilifTcrent  li 

Thea>i{«  ind  plocei;  on  faiiie  octafions  '20  per  cent,  and  op  Othtfl. 
more  of  oxygen  are  faid  to  have  been  found.  Thit  I 
doubt  was  owing  (o  their  not  undetllanding  Ihe  nature  of  tU 
operation  and  of  il]e  ci  mini  dances  influenting  it.  Indeed  it 
i»  difficult  to  fee,  on  ar.y  hypnthelit,  how  a  dirproporlioo  o( 
thefe  two  elements  (hould  ever  fubljlt  in  llie  almorphere^ 

ithc  firit  sractft  ^*  ''^^  ^^^  ^^  ''"^  procelTei  above- tnenti on ed  has  been  atA 
M>  difvrediled  by  late  authors,  and  at  it  appean  friim  my  o, 
perience  to  be  not  only  l|ie  mot  elegant  and  expeditinui  o(lS 
the  methodi  hilh<:rla  ufed,  bui  alfu  an  corref)  ati  any  of  ibcni 
Mhen  properly  condufied,  1  Uiall,  on  (hit  occa&on,  uiuiudvcA 
upon  it, 

Inftruflieni  for  1-  Nilroui  gat  may  he  obtained  pure  by  nitric  acid  ditatad 
with  an  eciual  bulk  of  water  poured  upon  copper  or  loercnyi 
lilile  or  no  artificial  heat  fliuuld  be  applied.  The  latl  produA 
of  ga>  this  Way  obtained,  di>C£  nut  contain  any  fenlible  portiM 
uf  azmic  gas:  at  lead  it  may  ealJIy  begot  with  lcf>  ibantiM 
or  tliree  per  caU.  of  that  gai :  It  ii  probably  nearly  free  ti-<« 
^ilroiu  oxide  alfo,  when  thutoblaiued. 


1  il  here  perleA- 


ibc  pniuli. 
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2.  If  100  tneafares  of  common  air  be  pat  to  36  of  pure  Miztuie  too  iSr 
nitrons  eaii  in  a  tube  3- 1  Oih  oF  an  inch  wide  and  5  incbea  Iodk,  "<*  3^  «^  ff»  » 

1  narrow  tube. 

after  a  few  minuteii  the  whole  will  be  redoced  to  79  or  80  jtefidoe  abouu 
nealurei,  and  exhibit  no  figni  of  either  oxygenous  or  nitrous  to  asoit.: 

S.  If  100  roeafores  of  common  air  be  admitted  to  72  of  Miztvreiooair 
nitrous  gas  in  a  wide  veffel  over  water,  fuch  as  to  form  a  thin  J^^jT*  «^^  U 
firatum  of  air,  and  an  immediate  momentary  agitation  be  ufed,  with  agitatioa. 

there   will,  as  before,  be  found  79  or  80  meafures  of  pure  *«**»«•»  *•* 

Mfc  So  saots* 
axotic  gas  for  a  redduum. 

4.  if,  in  the  lad  experiment^  left  than  72  meafures  of  nitrous  Inttmwdiate 
gas  be  ufed,  there  will  be  a  refiduum  containing  <»yg«>o«>*  J^J^^^e*^ 
gas;  if  more,  then  fome  refiduary  oitrous  ga»  will  be  found,     o.  gu  or  oxigea 

Thefe  fads  ckarly  point  out  the  theory  of  the  procefs :  the  y^^^*^ 
elements  of  oxygen  may  combine  with  a  certain  portion  of  proceft. 


nitrous  gas,  or  with  twice  that  portion,  but  with  no  inter- 17  **>«  *'* 

mediate  quantity.     In  the  former  cafe  fii^Wc  acid  is  the  reflilt;  i^^rmed:  in  the 

in  the  latter  nitrous  acid :  but  a<(  both  thefe  may  be  formed  at  )«ner  oitroiu« 

the  fame  time,  one  pprt  of  the  oxygen  going  to  on€  of  nitrous 

gas,,  and  another  to  two,  the  quantity  of  nitrous  gas  abforbed 

(hould  be  variable;  from  36  to  72  per  cent,  for  common  air« 

This  is  the  priocipal  caufe  of  that  diveriity  which  has  fo  much 

appeared  in  the  refults  of  cbemifts  on  this  fubjed.     In  fa£),  all 

the  gradation  in  quantity  of  nitrous  gas  from  36  to  72  may 

adiually  be  obferved  with  almofpheric  air  of  the  fame  purj(y; 

the  wider  the  tube  or  velTel  the  mixture  is  made  in,  the  quicker 

the  combination  is  effedled,  and  the  more  expofed  to  waler^ 

the  greater  is  the  quantity  of  nitrous  acid  and  the  lefs  of  nitriq 

that  is  formed. 

To  ufe  nitrous  gas  for  the  purpofe  of  eudiometry  therefore^  Pra£Ucal  refute, 
we  muft  attempt  to  form  nitric  add  or  nitrous  wholly^  8ndpP^**f  ^.^* 
without  a  mixture  of  the  other.     Of  thefe  the  former  appears  g^^^ 
from  my  cxp«jriments  to  be  mod  eafily  and  mod  accurately 
cfieded.     In  order  to  this  a  narrow  tube  is  neceflary;  one  that 
is  jud  wide  enough  to  let  air  pafs  water  without  requiring  the 
tube  to  be  agitated,  is  bed.     Let  little  more  nitrous  gas  than 
is.fufiicient  to  form  nitric  acid  be  admitted  to  the  oxygenous 
gas;  let  no  agitation  be  ufed;  and  as  foon  as  the  diminution 
appears  to  be  over  for  a  moment  let  the  refiduary  gas  be  trans* 
ferred  to  another  tube,  and  it  will  remain  without  any  further 
diminution  of  confequence.     Then  -fg  of  the  lofs  will  be  due 
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15  oxygen.     The  Ccanftferring  is  neccfTary  lo  prevent  (lie  nhfiej 
acid  formed  and  combined   wilh  the  water,  from  abl 
the  rrroainder  of  fhe  nitrous  {^a«  to  form  nitrous  acid. 
MetM  wtch  Sulphuret  oF  lime  i%  a  good  teft  of  the  proportion  of  as)gHi| 

u  paoR  1^  3  given  mixture,  provided  the  liquid  be  not  more  than  20flr 

5t)  per  cent,  for  the  gas  (af  moi'iKTic  air) ;  if  ibe  liqaid  euced 
this,  there  is  a  portion  of  asotic  gas  imbibed  fomewhat  lUKOk 
tain  in  quantity. 
VoIu*t  method*  Volta^s  eudiometer  is  very  accurate  as  well  as  elegant  ui 
expeditious:  according  to  MongCi  UK)  oxygen  require  196 
meafures  of  hydrogen ;  according  to  Davy  192 ;  but  fromtlie 
tnoA  attentive  obfervaiionit  of  my  own»  185  are  fufBcient.  b 
atmofpheric  oir  I  always  find  60  per  cent,  diminution  wkd 
fired  with  an  cxccfs  of  hydrogen;  that  is,  lOOcomnMMiir 
uith  60  hydrogen,  become  100  after  the  exploflon,  and  M 
oxygen  is  found  in  the  reiiduum  ;  here  21  oxygen  take  39  lij* 
drogen. 

2.  Of  the  Weight  of  the  Aqueoun  Vapour  Alm^^f^lLert, 

To  find  ths  I  have,  in  a  former  cflfay,  (Manchefier  Mem.  vol.  5.  p. 9; 

uusVapour*'^*"  P*K*^'559.)  given  a  table  of  the  force  of  vapour  in  mciio  far 
^he  atmofpberek  every  degree  of  ttMupcrature,  determined  by  experimeflti 
and  in  the  fequel  of  the  edav,  have  (hewn  that  the  (bite  of 
vapour  in  the  aimofphere  i^  the  very  fame  as  in  Tttcuo,  whea 
they  arc  both  at  their  utmoft  for  any  given  temperature.  To 
find  the  force  of  aqueous  vapour  in  the  atmofphere,  there* 
fore,  we  have  nothing  more  to  do  than  to  find  that  degree  of 
told  at  which  it  begins  to  be  condenfed,  and  oppofite  to  it  is 
the  table  abovemc*nticr.ed,  wiil  be  found  the  force  of  vapoor^ 
From  the  various  fa^ts  mentioned  in  the  efTay  it  is  obvioDs,  that 
vapour  contrafls  no  chemical  union  wilh  any  of  the  gafes  in 
the  atmofpherc ;  this  fa£l  has  fince  been  cnforceil  in  the  An^* 
nafes  de  Chimie,  vol.  xlii.  by  Clement  and  Deforme, 

M.  De  Sauffure  found  by  an  excellent  experiment,  that  dry 
air  of  64>^  will  adroit  fo  much  vapour  as  to  increafc  itselafti* 
city,  ^.  This  I  have  repeated  nearly  in  his  manner,  and 
found  a  fimilar  refuit.  But  the  table  he  has  given  us  of 
aqueous  vapour  at  othc^r  temperatures  is  very  far  wrong,  efpe^ 
cially  at  temperatureN  diflant  from  (>4-^.  The  numbers  were 
not  the  rcfult  of  diieft  experiment,  like  the  one  above,  if 
we  could  obtain  the  temperatures  of  all  parts  oF  the  earth *fi 

furfacc. 


CASES    IV   THl    ATMOSPlfEftir*  435 

furfacJ*,  for  any  given  time,  a  mean  of  ihem  would  probably 
be  57°  or  5S'».     Novv  if  we  may  fuppofe  the  force  of  vapour  It  Is  on  an  itc 
equivalent  to  that  of  6j^  at  a  medium,  it  will,  from  ^hc^f^^'^^* 
table,  be  2±  t«  .4.4-3  of  mercury  ;  or,  nearly  ,V  of  the  whole 
•tmoTphere.     This  it  will  be  perceived  is  -calculated  to  be  the 
weight  6f  vapour  in  the  whole  atmofphere  of  the  earth.     If 
tbatiiicambeiit  ovefr  any  place  at  any  time  be  required,  it  maj 
bt  found  M  direded  abovci 

3.  0/  ike  Weight  of  the  Carbonic  Acid  Atmojphere, 
From  fume  obfervations  of  Humboldt,  I  was  led  to  expedDcdudio&ofcl 

•boatrcv  P*^*  ^^  ih©  weight  of  the  atmofphere  to  be  caf  b^,J5j^*ia  i^d 

boaicacid  gas :  bat  I  foon  found  that  the  proportion  was  in^  atnofplMTe 

■ienfeljfover.raled.     From  repeated  iexperimenis,  all  nearly  y||^" ^^°* ^" 

ftgreeinf  in  their  rcfults,  and  made  at  different  feafons  of  the. 

year,  I  have  found,  that  if  a  glafs  velTei  filled  with  102,400 

gflTni  of  rain  water  be  emptied  in  the  open  air,  and  1525 

plins  of  ftrong  lime  water  be  poured  in«  and  the  mouth  tbeo 

dofed)  by  fufficient  time  and  agitation,  the  whole  of  the  limtf 

water  iijflft  faturated  by  the  acid  gas  it  finds  in  that  volume 

if  air.     But  193  grains  of  the  lime  water  ufed  require  70 

gnin  meafures  of  carixmic  acid  gas  to  fat  urate  it :  thereibre# 

ik  102,400  grain  meafures  of  common  air  contain  70  of  car- 

kaic  acid ;  or  -^^  of  the  whole.     The  weight  of  the  car^ 

tonic  acid  atmofphere  then  is  to  that  of  the  whole  compound  at 

i.-l460;  but  the  weight  of  carbonic  acid  gas  in  a  given  por« 

lion  of  air  at  the  earth's  furface,  is  nearly  ruVtf  ^  ^^^  whole  | 

becaufe  the  ff^ecific  gravity  of  the  gas  is  l|  that  of  cotfimcm 

air.     I  have  fince  found  that  the  air  in  an  atferobly,  in  which 

two  hundred  people  had  breathed  for  two  hours,  with  tho 

windows  and  doors  (hut,  contained  little  more  than  i  percent^ 

of  carbonic  acid  gas. 

Having  now  determined  the  force  with  which  each  atmo- 
fphere prefTes  on  the  eaith's  furface,  or  in  other  words,  its 
weight;  it  remains  next  to  enquire  into  their  fpeci^  gra- 
vities. 


Thefe 
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Sp^«  S^       "^^^^  ^^y  be  fccn  in  the  following  Table.  | 

Atmofpheric  air  -  .  .  «  •  lUXXI 
A«Htc  gaz  -•*•.«  .966 
Oxygenous  gaz  .  •  .  •  •  1.127 
Carbonic  acid  gas  «         *         «         .     1,300 

Aqueous  vapour  -  »  *  •  •  .700 
Hydrogenous  gat         «  .  •         «      «077* 

fCirwan  and  Lavoifier  are  my  authorities  for  IheGBnoDbaif 
except  oxygenous  gas  and  aqueous  vapour*  For  the  former  I 
am  indebted  to  Mr.  Davy's  Chemical  Refearcbes ;  his  noDber 
it  fomething  greater  than  theirs :  I  prefer  it«  becaofe»  being 
determined  with  at  lead  equal  attention  to  accnracy  witbtlia 
others^  i(  has  this  further  claim  for  credit,  that  21  parte  of  {■ 
of  this  fpecific  gravity,  mixed  with  79  parts  of  azotic  ff$i 
.  nake  a  compound  of  exadly  the  fame  fpecific  gravity  as  tin 
'  %troofpherey  as  they  evidently  ought  to  do,  fettiog  afide  lbs 
onfounded  notion  of  their  forming  a  cAcmica/ compound.  Til 
fpecific  gravity  of  aqueous  vapour  I  have  dctermuied  nyfeK 
both  by  analytic  and  fynthelic  method^^  after  the  maniicrof 
De  SaufTure;  that  is,  by  abftrading  aqueous  raponr  ofi 
known  force  from  a  given  quantity  of  air,  and  weighing  tbe 
water  obtained — and  admitting  a  given  weight  of  water  la 
dry  air  and  comparing  the  lofs  with  Ihtf  increafed  elaflicily. 
De  SaufTure  makes  the  fpecific  gravity  to  be  ,71  or  ,75;  bol 
he  ofed  cautlic  alkali  as  the  abforbent,  which  woold  exinA 
^  Ihe  carbonic  acid  as  well  as  the  aqueous  vapour  from  tbe  air; 

From  the  experiments  of  Pi6let  and  Watt,  I  deduce  the  fpe* 
cific  gravity  of  aqueous  vapour  to  be  ,61  and  ,67  refpefiifdy.* 
Upon  the  whole,  therefore,  it  is  probable  that  ,7  is  very 
nearly  accurate. 

We  have  now  fufficient  data  to  form  tables  anfwering  to  ibc 
two  firfl  objects  of  our  enquiry. 

*  The  fpecific  gravity  of  hydrogen  muft  be  rated  too  lowi  if 
100  oxygen  require  1S5  hydrogen  by  meafure,  according  to  this  89 
oxygen  would  require  only  II  hydrogen  to  form  water}  whcRM 
t5  require  15.  Hydrogen  ought  to  be  found  about  y^  part  of  tba 
weight  of  common  air. 


I.  Tabk 
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i.  Tabic  qf  the  Wtigki  qf  tJiC  different  Gafi$  confiiMmg  the 

Atmojphire, 

Inch  of  Mercury.    » 
Asoticf^as        -        .        -        .        •    23.36 
Oiygenotts  gas         •         -        «        -      6.18 
A<|ueottt  vafXHir        ...        -        .44 
Carbonic  acid  gas      •        .        •        »    -   .02 


Abibloteweishts 
of  the  different 
gaib  in  the 
whole  atmo* 
iphete. 


30.00 


II.  TMe  nf  the  proportional  Weights  of  the  dijereat  Gastrin  a 
givm  Volume  of  Atmofpheric  Mf',  taken  at  the  Surface  of  the 
Earth. 


Azotic  gas 
Oxygenous  gas 
Aqueoas  vapour 
Carbonic  acid  gas 


per  cent. 

-     75.55 

.     23.32 

1 .03' 

.     -.10 

100.00 


WeSghti  of  the 
dilferent  gafet 
in  e^iiJU  bulks 
at  the  earth*t 
farfjkce. 


III.  On  the  Proportion  of  Geues  at  diJeretU  Ekvaiiow^ 
M.  Berlhollet  feems  to  think  that  the  lower  ftrata  of  the  at-  Compuution  of 
roofphere  ought  to  contain  more  oxygen  than  the  upper,  be-^A^^^^^^ 
caufe  of  the  greater  fpecific  gravity  of  oxygenous  gas,  and  the  earth'i  fur- 
the  flight  affinity  of  the  two  gases  for  each  other.     (See  Anna!.  j^J  ^^  noublj 
de  Chimie,  Tom.  34.  page  85.)     As  I  am  unable  to  conceive  different  at  any 
cren  the  poffibility  of  two  gafes  being  held  together  by  affi:*««ccfliblchcight. 
nity,  nnlefs  their  particles  unite  fo  as  to  form  one  centre  of  re-- 
poliion  out  of  two  or  more  (in  which  cafe  they  become  one 
gas)  I  cannot  fee  why  rarefa61ion  fliould  either  decreafe  or  in* 
oreafe  Ibis  fuppofed  affinity.     I  have  little  doubt,  however,  as 
to  the  fed  of  oxygenous  gas  obferving  a  diminifhing  ratio  in' 
afceoding ;  for,  the  atmofpheres  being  independent  on  each 
other,  their  deniities  at  different  heights  mud  be  regulated  by^ 
their  fpecific  gravities.     Hence,  if  wc  take  the  azotic  atmo* 

'.  *  The  proportion  of  aqueous  vapour  muft  be  underftood  to  be 
variable  for  any  one  place :  the  others  are  permanent  or  nearly  fo. 
Vol,  XIIL— Sv]?plbmevt.  H  h  fphere 
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fphere  as  a  (landard,  the  oxygonous  and  the  carbonie 
will  obferve  a  decreafing  ratio  to  it  in  afcendingy  and 
aqueous  vapour  an  increafing  one.     The  fpecific  gravilj 
oxygenous  and  azotic  gases  being  as  feven  to  fix  nearly, 
diminution  in  denfity  will  be  the  fame  at  heightt  reaj 
as  their  fpecific  gravities.     Hence  it  would  be  foundy  ihad 
the  height  of  Mount  Blanc  (nearly  three  Engliih  mtlef) 
r^tio  of  oxygenous  gas  to  azotic  in  a  given  volome  of  iiri| 
would  be  nearly  as  20  to  80 ;— confequently  it  follows  tbitili 
any  ordinary  heights  the  difference  in  the  proportions  will  be 
fcarcely  if  it  all  perceptible  •. 


X. 

Ohfirvation  which    indicates   a  Jpantaneous  Decompttfitiim  <f 
nitrous  Acid  and  Fjnnatijn  of  Amtrnmia.     By  D.  A. 

To  Mr.  NICHOLSON. 
SIR, 

Dfcftfapftfition  -I  SEND  you  a  ftalcment  of  ihe  followlrg  fad,  in  cafe  i^ 
of  n'tiou:*  acid,  may  not  hitlierto  have  been  obferved  :  it  fceins  to  fliew  llie 
mutual  decompofiiion  of  nitruus  acid  and  atniofpheric  air; 
but  the  explanation  of  the  theory  I  will  leave  to  you,  of  tome 
of  your  learned  correfpondcnts.  A  phial  of  bright  orange 
coloured  nitrous  flL  id,  fo  loolcly  flopped  that  bubbles  of  gas 
efcaped  every  five  or  (en  luinulcs,  having  flood  within  a  few 
inches  of  a  bottle  of  muriatic  acid,  clufi-i)  flopped  for  abofC 
'a  twelvemonih,  my  attention  was  attia^ed  by  obferving  a 
white  incru  flu  lion  of  falls  upon  the  label  paper  of  the  laft 
mentioned  phial.  To  deteniiine  their  nature,  dilFolved  them 
in  didilled  water;  dropped  a  little  iiilric  acid  in,  to  faturate 
any  uncombined  alcalies ;  then  with  nitrate  of  filver^  a  co- 
pious precipitate  vvas  formed,  which  indicates  Llie  muriatic  to 
be  the  acid  :  wiien  I  faturated  the  acids  with  pure  potafs,  the 

•  Air  brought  from  the  fummit  of  Helvclyn,  in  Cumberland 
(1100  ynrds  abcve  the  fe;i — Barometer  being  'J6,60)  in  July  18W| 
gave  no  perceptible  difference  from  the  air  taken  in  Mancbefter.— 
M.  Gay-LuHac  determines  the  cunftitution  of  air  brought  from  an 
elevation  ot  four  miles  to  be  the  fame  as  that  at  the  earth^s  fur- 
lace. 

fmeU 
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SCIENTIFIC    NEWS.  4u 

■til  reCembled  ammonia;  hut  owin^  to  Che  folallon  being  fo 
Ktremely  weak,  wax  fcarce  perceptible  ;  but  on  a  f^n^^^r  bv»« 
■gdipptiii  inio  itf  and  held  near  a  liup;)*'-'!  mo.ff'no:!  xv-tn 
Mrittic  acid,  cviieuily  proiluved  a  while  cloud,  wliicii  dii- 
ippeared  upon  withdrawiu^  iho  acid,  and  re-uppi'ared  on  its 
qiprnach;  which  teft  alone  I  think  may  be  fuflBriont  to  prove 
nmonia  to  have  been  the  bafe.  I  may  obfervc*,  tliat  the 
MUwere  formed  only  on  that  part  of  Ihe  Iab!e  on  which 
iboe  muriatic  acid  had  been  fpilt;  the  neck  of  the  nitrous 
acid  phial  was  covered  with  a  moiHuro,  which  had  a  cof^ 
iderible  aromoniacal  fmell,  and  exhibited  the  (ame  appear^ 
Mces  with  the  nioiflened  (Copper,  and  was  tlierefore  uncom* 
biaed  ammonia*  and  feems  to  (liew  that  the  prefence  of  the 
aariattc  acid  was  not  neceflfary  for  its  formation.  I  have  ei}# 
deavoured  to  be  as  concife  as  poflfible,  and  remain 

Your  conftant  reader, 
iffxrai7.   1806.  D.  A. 


SCIENTIFIC  XEIVS. 

ITflfc  an  the  Porcelain   of  Reaumur  Communicated  by  Veau  de 

jMunai*  • 

JVl.  PECARD  of  Tours,  manufaflurer  of  Rouen  flone  ware,  Reaumnr'A 
^«  repeat^d<^d  in  his  furnace  Reaumur's  experiment  of  trans-  po'C"f"»»» 
wDing  glaU  into  porcelain  ;  mentioned  in  the  memoir  of  the  iiate. 
Academy  of  Sciences,  for  the  year  1739,  p.  370.  M.  Pecard 
Wtaioedadevitrilication  as  complete  wiihin  as  without.  Hisex- 
l^ioienl  was  made  upon  a  coinmon  glaf^  bottle  from  the  Ancenis 
Foondry.  The  bottle  was  iV.ljd  with  Nevers  fand,  and  depo* 
■ted  in  ^Jogger,  which  was  attcrwards  tilled  up  with  the  fame 
"rt  of  fand.  The  fa^j^er  or  cafe  was  placed  with  others,  con- 
*>iniDg  earthenware  in  the  chimney  or  upper  part  of  the  fur- 
1^,  and  heated  as  ufuai.  When  the  operation  was  finifhedy 
?^(be  furnace  was  fuflicientiy  cooled,  the  bottle  was  taken 
'^^Vi  its  bed  of  fand  in  the  fagger,  and  emptied  of  its  contents, 
'he bottle  had  undergone  no  alteration  of  (hape;  but  its  green 
^ioor  and  tranfparenty  were  exchanged  for  milky  opacity, 
-^oally  fprcad  over  all  parts  of  the  bottle.     In  this,  his  firii  ex* 

»  Journal  dc  Phifitpic,  Vol.  LXI.  p,  401. 

periment. 


t 


^10  SCIBKTIMO   VIWS. 

perimenf^  M.  Pecard  has  obtain^  a  much  more  equal  devitrifi- 
cation than  ihat  procured  by  Reaumur;  vrho  remarks  in  hb 
memoir,  ihat  he  thinks  it  not  impoflible  ihat  this  point  of 
equality  between  the  internal  and  external  parts  may  be  el^. 

tained* 
This  fubilance  is  much  harder  than  glaik;  it  readily  gives  a 

fpark  with  fleel ;  and  from  the  advantages  it  feems  to  bold 

I'gitb  in  many  refpe^s  dei'crves  to  be  made  an  objeA  of  in* 

vefligation. 

DhreetappUea       •  A  diilinguiOied  chcmid,  who  purfues  the  fteps  of  bis  b&f^g, 

he  glafii  Dorcc-  ^iho^Q  name  will  be  ever  dua^  to  ilic  fciences«  and  to  IImIa: 

un  to  ufeiuj 

iurpofes.  who  cultivate  them,  M.  Ddrcet»  has  already  made  fevenlea* 

periments  on   this  inlercfiiri;  fubje^l,  which  form  part  of  t 

work  not  yet  completed.     He  has  made  mullcrsof  this  tbW 

(lance,  exceeding  tiie  harclncfsof  flint;  alfo  capfules  andodlV 

articles  which  cafily  lupport  the  lire,  and  are  not  fubjefilo 

the  power  of  rc-agenis,  i'uch   as   fulphuric  acid,  &c.    He 

little  coll   of  the  inatci ial«<   wlicreof  thefe  veflels^  fl^c,  are 

fabricated,  induce  a  hope  that  the  labours  of  Reaumur  ondu 

fubjed)  will  be  refuHied^  and  carried  on  in  a  way  that  will  be 

of  uliiity  in  difl'erenl  aiis. 


Jn'itonucid  Work. 

AN  extenGve  work  on  the  anatomy  of  the  organs  of  bearing 
in  animals,  generally,  together  with  the  phyfiology  of  their 
feveral  |>arts,  and  a  ftrics  ofaccouftic  phenomena  intended  to 
elucidate  the  fubji'Ct,  is  in  forwardnefs  for  publication  tfaii 
Ipring  by  Anthony  CiirliHe,  F.  R.  S.  F.  L.  S.  and  fargeonio 
the  Wcllminfter  Horpiial. 
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PREFACE. 


HE  Authors  of  Original  Papers  in  the  present  Volume 
are,  Sir  H.  C.  Englefield,  Bart.  \I.V.  R  R.S.;  H.  B.K.j 
A  Correspondent;  W.  N. ;  Mr.  Sylvester;  J.  Dalton; 
J.  Kidd,  M.  D.;  J.  Bostock,  M.  D.;  Mr.  J.  Arnold  j 
M.M.;  Juvenis;  T.  B. ;  James  Horsburgh,  Esci.;  G.  S* 
Gibbes,  M.  D.;  R.  B.5  Dr.  Buchan ;  Dr.  Wilkinson; 
H.  Hamill,  jun.  Esq. ;  H.  K. ;  Count  Rumford,  F.  R.  S.  j 
Mr. Thomas  Reid;  Mr.  W.  Hardy;  Dr. Thompson. 

Of  Foreign  Works,  Professor  Proust;  M.  Bouillon  La* 
grange;  M.  Darcet  Cointeraux;  Thenard;  J .  F.  Westring § 
Lavoisier;  Laplace. 

And  of  English  Memoirs  abridged  or  extracted,  Sir  James 
Hall,  Bart.  F.  R.S.  &c. ;  Mr.  John  Arnold;  T,  Voung> 
M.  D.  For.  Sec.  R.  S. ;  T.  A.  Knighl,  Esq.;  Thos.  Holden ; 
iSlr.  T.  Vanherman  ;  Mrs.  Jane  Richardson;  H.  Davy,  Esq. 
F.  R.  S. ;  W.  Brande,  Esq.;  Mr.  Earnshaw. 

Of  the  Engravings  the  Subjects  are,  1.  A  new  Lamp,  by 
Count  Rumford:  2.  The  Escapement  of  Arnold's  Chrono- 
meter: 3.  Arnold's  Expansion  Balance  for  Time-pieces: 
4.  The  Water  Ram  of  Mongolfier :  5.  Holden's  Machind 
for  Shoe-making ;  6.  A  Galvanic  Apparatus,  by  Mr.  SvK 
vester :  7.  Designs  for  Furnaces,  and  Apparatus  for  ascertam- 
ing  the  Force  of  Compression,  by  Sir  James  Hall,  Bart. 
F.  R.S.  Ed. :  8.  Sections  and  Drawings  to  illustrate  the 
Huttonian  Theory  as  established  on  Sir  James  Hall's  Theory: 
9.  Tools  and  Implements  used  in  building  Houses  of  rammed 
Earth  :  10.  Drawing  of  a  Building  constructed  by  that  Art: 
11.  The  Thermometrical  Balance  of  Peter  le  Roy  :  12.  Eix- 
pansion  Balance,  by  the  same  Artist :  13.  Le  Roy's  mcxlem 
detached  Escapement:  14.  The  same  improved  ;  16.  The 
•ame  as  altered  by  Berthoud  :  16.  The  same  by  Arnold: 
17. The  same  by  Earnshaw:  18.  Ancient  free  Escapement, 
byThiout:  19.  New  Apparatus  by  Count  Kumford  for  Ex* 
periments  on  Heat:  20.  Mr.  Harding's  Improvement  in 
Time-pieces:  21.  The  revolving  Balance  of  Robert  Hook: 
22.  Diagram,  by  Mr.  Brewster,  concerning  Achromatic  Eye 
Pieces:  23.Anoiher  by  Robert  HookeconcerningPendulums. 
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lf.P«  F.lLS.  &c.  &C. Fluel 

tL  Anooint  of  a  Series  of  Experiments,  shewing  the  Effects  of  Ciiimaiwiutf 
^Inmocnfying  the  Action  of  Heat  By  Sir  James  Hall,  Bart.  F.  R.S.  Edin- 
..  taglu. -  -  13 

m.  Obiervaftions  otf  Dispersion  of  the  Dght  of  Lamps  by  Means  of  Shades  of 

*,  wyettiked  Ghm,  Silk,  &c.  with  a  Description  of  a  new  Lamp.    By  Benjft- 

mm.  Count  of  Rumford.    Read  at  the  National  Institute  of  Fnnc^  Mmk 

•  »,  I80«. » 

IV.  Facte  towards  n  History  of  Tm.    By  Plofessor  Proust.  -  % 

y*.lxpctiments  and  Observations  respecting  the  Manner  in  which  ther  Gtifll 
are  aAbrded  in  Winter  by  Galvanism,  and  various  essential  Pointaof  TheoiT. 
By  H.  B.  K.  - 50 

VL  A  Chemical  Examination  of  the  Bark  of  the  White  Willow,  and  of  the 

'  Bool  of  the  Herb  Bennet,  compared  with  Quinquina;  considered  in  a  medi- 

.  Oil  Feint  of  View.    By  M.  Bouillon- Lagrange.    Read  before  the  Society  of 

Medicine  at  Paris.  -  -  -  -       .    -  5tf 

VIL  Eatplanation  of  Tiinekeepers,  constructed  by  the  late  Mr.  John  Arnold; 

ht  which  a  Reward  of  Three  lliousaiid  Pouncfs  was  given  by  tlie  Beard  of 

'  Langkude  to  his  Son^  Mr.  J.  R.  Arnold.    Extracted  m>m  the  Account  dcii- 

,  wma  by  the  Uttet  to  the  Commissioners.  -  -  •  <M 

Vm.  An*  Elfiay  on  the  Cohesion  of  Fluids.  By  Thomas  Younff,  M.  D.  For. 
BocVlS. 74 
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pitate  anotner  without  Reganl  to  the  Order  of  Elective  AttractioDi ;  5.  A 
Quarto  Plate,  containing  Designs  of  Furnaces  and  Apparatus  by  which  the 
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IV.  Account  of  a  Series  of  Experiments,  shewing  the  Effects  of  Compreaion  la 
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IX.  An  Essay  on  the  Cohesion  of  Fluids .    By  Thomas  Young,  M.  D.  For.  Sea 
R.S.  -  -  -  -  158 
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Implements  for  a  very  simple  Method  of  building  Houses  of  any  wmed 
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ARTICLE  I. 

Account  of  a  simple  and  cheap  portabk  Barometer,  xciih  Ih" 
structions  to  enable  a  single  Observer  to  determine  Heights 
(fjf  that  Instrument  vith  considerable  J^acHity  and  Precision^ 
In  a  Letter  from  SiK  H.  C.  ENOLEriELD,  Bart.  M.P, 

1\  Rn  S.     4'C.    SfC, 


To  Mr.  NICHOLSON. 
SIR, 


T, 


H  E  mensuration  of  hci<»lit8  by  the  bafonicter  has  been,  Thongh  tlie 
by  the  labotirs  of  Mr.  Do  Liu%  Sir  George  Shuckburg,  Gene-  ^^gSJI'b^thl 
ral  Roy,  and  several  other  scientific  men,  brought  to  such  per-  barometer  has 
fbction,  and  aflfords  so  much  an  easier  mode  of  ascertaining  the  p^-i^ft^t^  yet 
elevations  of  tlie  different  parts  of  the  surface  of  the  earth  to  theobwrra- 
a  considerable  p'hjcision,  than  anyotlier  known  process,*  that  it"*""  ""^  ^* 
might  have  been  isupposed  that,  in  the  course  of  thirty  jvars 
which  have  elapsed  since  this  branch  of  science  has  been  per- 
fected, a  ^-ery  great  number  of  obscn'ations  would  have  been 
made,  and  the  heights  of  almost  the  whole  surface  of  our  own 
cuuntr)'  ascertained  by  the  numerous  travollci*s  who  contimi- 
Vol.  XIV.— May,  1806.  B  ally 
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ally  traverse  it.  Tlic  contrary'  is  however  the  CRSC, 
small  mimbcT  of  obscnations  of  this  kind  may  be  attributed  to 
ratisps.  The  scvcml  causes.  TUc  instmments  arc  of  considerable  expeoce^ 
iiibtranicnts  and  from  ihcir  complicated  construction  easih*  liable  to  be  out 
blc  to  b<;*cic-  "»  order  m  the  course  of  a  long  journey.  TUe  observations 
rangtH^andtho  thcmselvi»s,  fliongh  each  not  taking  up  any  very  long  tinjc,  yet 
<!<nnand  time  when  multiplied  on  ever}'  hiU  and  valley,  as  they  ought  to  be, 
and  care.  for  the  purpose  of  obtaining  a  just  idea  of  the  country'  sur%ey- 

od,  in  the  aggregate  consume  much  of  the  traTclIer's  tiniCi 
and  the  constant  unpacking  and  repacking  the  instninu^nt  be- 
comes a  greater  labour  than  our  natural  indolence  easily  sub- 
mits to. 
Two  oliferrers      It  has  moreover  been  generally  supposed,  that  two  instni- 
insirum^te      "^^"^s  and  two  observers  making  simultaneous  observations  at 
havo  ^nerally  the  upper  and  lower  stations  of  tlie  height  to  be  measured,  are 
nev^ssaryf       indispensably  necessary.     This  of  course  would  put  it  out  of 
the  power  of  a  solitary  traveller  to  make  any  obser%*ations  at 
all.     Whether  from  these  or  other  causes,  the  fact  is,  that 
XTcDce  it  is  that  whoever  reads  the  numerous  tours,  surveys,  and  reports  of  dif- 

and  dcp^n-slSons  **^''^"^  P***^^  ^^  ^^^  island  published  within  these  last  twenty 
of  tli€  fnce  of  years,  and  many  of  them  professedly  with  a  view  to  science^ 
of  bi^h  utiii^  Cither  of  agriculture,  mineralogy,  or  geology,  will  Ire  perpetu- 
and  iutcrest,    ally  disappointed  by  meeting  with  mere  guesses  at  the  eleva- 
ted in  traTek^  *'®'**  ^^  ^^^  tracts  of  country  described,  though  a  knowledge  of 
those  elevations  is  almost  indis()ensable  to  the  geologist,  miner- 
alogist, and  military  surveyor, — highly  useful  to  the  scientific 
agriculturist,  and  very  interesting  to  every  one  who  from  mert 
motives  of  enlarged  and  enlightened  curiosity  reads  books  of 
.  ••  •  •     -  travels,  or  employs  his  own  leisure  in  traversing  the  countiief 
described  by  other  voyagers. 
Tbt  impedi*         I  cannot  therefore  but  ht>pe,  that  by  simplifying  the  baro- 
STfio*    WM^  meter,  and  thereby  rendering  the  instiiiment  much  less  ex- 
aed  to  ba  re-  pansive  and  its  use  at  the  same  time  more  eas}^  and  shewing 
SSwnc  uS**  ^^^  ^^^^  coasidcrablc  accuracy  may  be  attained  by  a  single 
tnitnunent  and  observer,  this  most  useful  branch  of  science  may  be  cultivated 
c^ieobtemr     ^  *®  great  an  t^xtent,  that  in  the  course  of  a  few  years  we  may 
tnayr  obtain  va-  have  almost  a.s  ])erfect  an  idea  of  the  relative  heights  of  tba 
regultii.   jjggjygnt  parts  of  England  as  we  now  have  of  their  horiaontal 
distance. 
PoHabie  baro«     A  barometer,  nearly  similar  to  that  which  1  am  now  about  to 

»fiter  of  Dr.  ._^  •- 

hugu  Uvml-  aetcnoc, 

UfJlt 
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jtscribc,  was  coiutrucied  ci'vcralyciirs  since  by  Dr.  Hugh  IIh- 

.jbltOD,  and  ib  by  him  described  at  large  in  the  fiuh  volume  of 

jk Transactions  of  the  Iri&U  Acadcuy.     J  saw  tlie  instrument 

^his  handsj  nearly  si.xtoon  ycai-s  ago,  and  was  much  plea^^^'d 

julh  its  jierforinancc.     I  du  nut  know,  however,  that  any  more 

^PW«  then  made.     I  have  hitely  constructed  the  barometer,  — Simpllfietlhy 

jBhoM  dtrscription  I  bhall  now  give,  which  is  still  more  simple  j^   ji^ht    firm 

ikuDr.  Hamilton's,  and  much  cheaper;  and  which,  in  many  ^ndeasy  iuthe 

*    usc> 

fpak  I  have  made  of  it,  appears  to  unite  solidity,  lightness, 
^Itdcase  of  oLsenation  to  as  great  a  degree  as  can  be  wished. 

The  barometer  tube  is  about  JJ}  incites  in  length ;  its  bore  nc^MTiption. 
B  one-tenth  of  an  inch  in  diameter,  and  the  external  diameter  m\n.  \^  yUuA 
ii&iee-tenths  of  an  inch.     This  sized  bore  is  fully  suflicicnt  to  .'"^V  '^  ^'^  (>- 
.  iUow  Ibe  tree  motion  ut  the  mercury.      I  he  cistern  is  of  box,  of  w  uich  v\- 
turaed  truly  cylindrical,  and  is  an  inch  iu  its  intenuil  diamc-  ^«^^ls  ti:at  .>f 
kr,  una  an  inch  m  depth.     A  short  stem  projects  from  its  top,  to  9  in  aixn. 
(tbe  instrument  being  in  the  position  for  makim;  an  obsena-  ^'*^'^"^<- 

,  ...  Ffarhts  to  tli(» 

lion,)  for  the  purpose  of  giving  a  firmer  hold  to  the  tube,  middle  of  tiic 

*  TUi  stem  is  peribratcd  with  an  hole  suflicientlv  lai^e  to  admit  *^'*JSt^  ^*  <|*u 

"  cylinder  tlio 

.Aetnbc,  which  is  glued  to  it  in  the  usual  mode.     The  tube  uthureiid  uf 
ifmiects  into  the  cistern  exactly  to  half  its  depth.    The  bottom  J^'^l'"**  7li»»<J<^r 
Mtmt  astern  is  closed  by  a  strong  lid  ot  box,  which  screws  on  s^rcn -cap,  und 
Ikrcisteni.  and  pressing  against  a  leather  clued  to  the  inside  **f"^'^-  Wlit* 

•^  inv  tube  i<   lll- 

« the  lid  renders  the  whole  perfectly  impervious  to  the  incr-  led,  mercury 
CHIT  in  every  position.     The  tube  being  filled  and  boiled  in  ?'*  "1*>  P""'*V** 

,  ^  •'   •  .  iiito  tliecvliii- 

ue  common  way,  and  the  instrument  held  inverted  in  a  per-  der,  mo  as' to 

.fiondicular  position,  mercury  is  poured  into  the  cistern  till  it  is  ^*'^^*^'  f***"'*^- 
'^  '  '        '  fuiirtiift  its 

Hied  within  two- tenths  of  an  inch  of  the  top.     I'hc  lid  is  then  length,  and 

finnly  screwed  on,  and  secured  from  being  opened  by  idle  curi-  ***^'*  ^"*"*''  *'^-  ^ 

.    '  II  ^*-'"  ^*'*^  ^"*1  "^ 

osity  by  a  small  screw  passing  through  its  side.     The  essential  the  tulu  in  dl 

part  of  the  instalment  is  now  finished.     The  end  of  the  tube  P.Vf''**"'^.   . 

m  the  cistern  can  never  he  uncovered  by  the  mcrcurv  in  any  romi'tcr  i!«  s«>t 

pcMuble  position,  and  of  coui-se  no  air  can  ever  enter  into  it :  *>?"?{*•  •*»*-*  "*- 

"^  /  /.     1        •  mojiphor*'  arts 

ind  as  the  niicas  of  the  cistern  and  tube  arc  as  the  squan^s  ofthrti^  the  pures 
die  diameters,  tlic  diameter  of  the  bore  of  the  lube  being  ,1  ,  ^^^^^  wgod. 
lU  external  diameter  ,3  ,  and  the  diameter  of  the  cistern  1,0, 
tlic  area  of  the  cistern  is  100  — 9=^5)1 ;  and  there  being  two- 
trntlisof  an  inch  lelt  empty  in  the  cistern,  tlie  mercury  must  fall 
1 S?- tenths,  or  1 S  inches  and  C-tenths,  before  the  cistern  is  ({uiic 
full :  a  S[iace  adequate  to  the  measure  of  grealer  heights  than 

V>  Z  p.uy 


any  known  mountain  on  the  earth,  much  more  so  to  any  hei^ 
in  tliis  country.  It  will  not  easily  be  believed  by  those  who 
have  not  seen  it,  that  the  air  will  act  on  a  cistern  thus  com* 
pletely  closed,  and  of  which  the  wood  in  its  thinnest  part  is 
above  a  quarter  of  an  inch  in  thickness :  but  the  fact  is,  that 
even  when  the  pores  of  the  box-wood  are  closed  by  thick  var- 
nish, except  in  that  part  which  touches  the  mahogany  tube, 
in  order  to  prevent  the  wood  from  being  affected  by  damps,  the 
mercury  on  turning  up  tho  baromcfer  takes  its  level  almost 
instantaneously,  certainly  in  loss  than  half  a  minute;  and  tba( 
when  the  instrument  is  suspended  by  the  side  of  the  best  moun- 
tain barometer  of  Ramsdcn's,  constructed  with  an  open  cistern, 
tio  difierencc  whatever  can  be  perceived  in  their  sensibility  to 
•  Che  variations  of  the  atmosphere.  1 1  is  obvious  that  thok  variations 
of  altitude  in  this  instrttmcnt  of  dimensions  above  stated,  will  be 
otiQ  ninety-first  part  less  than  in  a  barometer  furnished  with  an 
apparatus  for  bringing  the  surface  oF  the  mercury  in  the  ds* 
tern  to  a  fixed  level :  this  defect  mi</,ht  be  remedied  by  divid- 
ing the  scale  acc<)rdin«;]y  ;  but  it  is  much  more  convenient  to 
divide  the  scale  to  real  inches,  a^(i  make  tho  necessary  alkyw'- 
'.  ance  in  the  result. 
The  barorortcr  The  tube  and  cistern  beinij  thus  prepared,  are  mounted  in  a 
a  maho^nv  "mahogany  tube  of  the  ^ize  <)f  a  common  walking-stick.  The 
tube  of  thr  size  stem  of  the  cisteni  goes  ti^ht  into  die  mahogany  tube,  and  is 
stick.  ^*  "'  *^^^®  secured  by  two  small  bra^s  screws,  or  the  stem  may  bo 
on  the  outside  cut  into  a  male  screw,  and  so  he  screwed  into 
the  mahogany  tube.  The  cistern  forms  an  head  or  pummel  to 
the  staff  when  the  instrument  is  inverted  for  the  purpose  of 
being  carried  in  the  hand  or  a  carriage.  The  tube  is  secured 
in  the  mahogany  case  by  passing  through  perforated  corks  ia 
the  usual  way. 

Means  ind  por  the  observalion  of  the  heisjlit  of  the  mercnry,  two  oppo- 

inctliod  of  ob-   .        ,.  ^  •     ,t  I         '        ,  1        "^  .  . 

serving  the        ^"^  silts  are  cut  in  the  mahogany  tube,  rcachmg  trom  about 

JjciRlit  of  tlic  32  to  20  inches,  for  the  longer  scales,  or  from  32  to  25  inches 
for  such  as  arc  intended  for  use  in  this  country.  The  front  sUt 
has  its  sides  bovellod,  and  i^  cxferiorly  about  three-fourthB  of 
an  inch  wido.  On  nnv  sido  is  fixed  a  brass  plate,  divided  as 
u^uai  to  inches, t«-nfhs,  and  twcntittlis.  On  this  plate  n  nonius 
sli«lfs  niovoable  hy  a  small  knob,  wJiicli  reads  off  as  in  other 
barometers,  to*  the  jOOlh  of  an  inch.     To  this  nonius  a  small 

portion 
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f  ortion  of  brass  tube  is  nttachcd,  'uhicb  embraces  the  baro-  '*^ 

■meter  tube,  and' its  lower  edge, is,  in  obscrvatioh,  made  ataii- 
ynt  to  th(!  convex  surface  of  the  mercury,  as  in  other  well- 
•constnicted  barometers,  and  the  very  narrow  slit  behind  gives 
•abundant  li^ht  for  observation. 

On  tiic  hovelled  side  of  the  front  Slit  opposite  the  scale,  a  Attached  and 
tliemiometer  is  placed  for  taking  the  beat  of  the  instrument,  fj^^JjJ^^V^Jl 
*nnd  there    is   room   for  the  iJcalc  of  correction  placed  oh  oiiitics  in  t he 
'RjsmsJcr/s  jtfachcd    th'ermonjcters  as  well  as  Fahrenheit's  ^^^^        ^' 

«Cftlc. 

A  t^iii  Ijia^-^  t;ibf?  with  slits  in  it  turns  half  round  on  two 
pins  in  the  usual  inanhcr,  and  covers  the  apertures  above 
described  in  the  mahogany  tiibb  when  the  barometer  is  not 
in  use.  The  mahogany  tube  is  niade  rather  tapering,  and  with 
a  ferri!  at  the  end  opposite  the  cistern.  This  fcrril  unscrews 
and  siiews  a  steel  ring,  by  which  the  barometer  may  be  sus- 
])endcd  when  convenient ;  and  as  the  mahogany  tube  is  made 
nearly  thirty-eight  mches  long,  there  is  fiill  space  above  the 
top  of  the  barometer  tube  to  put  in  a  thermometer,  which  is 
taken  out  by  unscrewing  the  €crri],  and  is  to  be  used  as  a  de- 
tached thcrmometei-  in  observation.  Along  the  mahogany 
tube  is  a  scale  of  three  feet,  carefully  divided  to  inches,  the 
feet  being  accurately  laid  down  by  small  dots  on  the  heads' of 
brass  pins  sunk  intV)  the  wood.  A  scale  of  this  kind  is  always 
convenient,  and  may  often  be  of  great  use. 

Having  thus  described  the  instrument,  a  few  practical  re- P'«'*ticflil  «• 
marks  on  the  manner  of  using  it  may  not  be  suptTfluous.  "»»*•««• 

When  I  am  about  to  make  an  ob*iorvation,  about  five  mi- 
nutes before   I  arrive  ai  the  place  I  take  out  the  detached 
thermometer  from-  its  place  in  the  end  of  llie  mahogany  tube, 
holding  it  by  the  upper  end  "at  nearly  arm's-length  from  my  xp  deicrmla© 
bwly  and,  if  the  sun  shines,  in  the  shaile  of  my  person :  it  very  ^^^  temp«*ra- 
noon  takes  the  temperature'  of  the  air*  and  is  not  sensibly  af-  ""^  **      ^   ^' 
icctcd  by  the  heat  of  the  hand.     The  heat  being  obsencd  and 
M'ritten  down,  the  barometer  is  turned  up,  the  brass  tube  half 
turned,  and  the  instrument  held  between  the  finger  and  thumb 
of  the  left  hand  above  the  slide,  so  as  to  lot  it  hang  freely  in  a 
|)crpendicular  position.     Tew  persons,  if  any,  have  sufficient 
steadiness  of  hand  to  prevent  little  vibrations  in  tlie  mercury 
JR  this  po<ition:  the  hand  therefore  should  be  eithej-  rested 

agruQ«l 
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Obscmitkm  by  9ffamt  any  ^ed  body,  or  if  no  such  occurs,  by  k&eelinf  am 

thft  bMoiMteftr  one  J^nee  ;  the  cistern  should  be  let  down  so  as  to  touch  tha 

giDund,  the  left  hand  holding  the  barometer  in  a  vertical  po* 

sitioii,  which  a  little  practice  will  render  very  easy.     The  iiw 

dex  must  dien  be  moved  by  the  knob  till  its  under  sui^sos^ 

.   as  befofe  stated,  is  tangent  to  the  mercury.    A  few  light  taps 

should  be  given  to  the  tube  to  ascertain  that  die  mercury  ia 

fidlen  as  low  as  it  can.     The  height  being  then  road  off  and 

registered  together  with  that  of  the  attached  thermometer,  the 

brass  tube  is  turned  back,  so  as  to  cover  the  slits ;  the  instni* 

ment  gently  inverted;  and  the  whole  is  finished :  all  this  may 

he  done  in  two  minutes. 

Itedeetaon  of        1^  BBOB^  convenient  mode  for  deducing  the  heights  from 

tbt  beighti  to  the  barometrical  observations,  is  certainly  by  the  common  lo* 

by  UmI*- S^^^B^  tables;  and  it  is  tuncccssary  here  to  detail  the  me« 

iritkaik  la-    thod,  which  may  be  found  in  numerous  books.    It  is,  however^ 

necessary  for  this  method,  to  carry  the  tables  of  logarithms^ 

er  W  other      ^hich  is  sometimes  inconvenient.    The  engraved  table,  £i>rmed 

■Mtibeds.  by  Mr.  Ranisdcu,  is  un  a  single  narrow  sheet,  and  extremely 

portable,  besides  being  very  easy  in  its  use ;  but  il  may  be  lost 

or  mislaid  when  wanted.     Several  ingenious  formtilx  have 

been  devised,  which  may  cither  be  engraven  on  the  instm^ 

ment  itwlf,  or  committed  to  memory.     Of  the  former.  Sir  Gk 

Shuckburg  has  given  a  very  concise  one  in  his  second  pc4)er  oa 

the  measurement  of  heights  by  the  barometer,  in  the  sixty-eigjhth 

▼ol.  of  the  Philosophical  Transactions ;  and    Mr.   Professor 

Leslie  has  invented  a  very  elegant  one  of  the  latter  sort :  but 

these,  though  very  simple  in  form,  require  a  considerable  num- 

CofntatiuM  her  of  ^ures  in  the  operation,  and  arc  on  that  account  incoi^ 

ena  MMnwT    ^^^^^f^^^*    ^OT  the  purpose  therefore  of  computing  on  the  6pol| 

^'•ry  sMNTtbe    and  very  near  to  the  truth,  any  observations  made  on  a  jour* 

eaMe  here        ^Y*  ^^^  ^^  almost  without  the  necessity  of  writing  at  att, 

(ivm,  whicb  is  I  have  caused  the  following  sliort  table  to  he  engraven  on  the 

ff'^^[^^^^^^^  scale  of  ihe  barometer.  It  expresses  the  value  of  the  dificrcoce 

of  a  tenth  of  an  inch  in  the  height  of  the  mercury,  at  the 

perature  of  freezing,  in  English  feet. 


TABLii 


90BTAatiB  BAHOMITSB* 


TABLE. 


jgS 


41 


it 


0th 

Feet 

Inch  10th 

Feet 

Inch  10th 

Feet 

05 

130 

23  .  05 

113 

27  .  15 

96 

20 

129 

.  25 

112 

.  45 

95 

35 

128 

•  45 

111 

.  75 

9* 

50 

127 

.  65 

110 

28  •  05 

9S. 

66 

12S 

•  87 

109 

.  35 

92. 

S2 

125 

24  .  10 

108 

•  65 

91 

00 

124 

•  32 

107 

.  95 

90 

18 

123 

•  55 

106 

29  .  27 

•9 

35 

122 

.   80 

105 

.  61 

8S 

53 

121 

25  .  05 

104 

^95 

B7 

70 

120 

.  30 

103 

30  .  90 

86 

87 

119 

.  55 

102 

.  65 

85 

05 

118 

.  80 

101 

31  .  00 

84 

25 

117 

26  .  05 

100 

.  37 

•3 

45 

116 

.  50 

99 

.  75 

•2 

65 

115 

.  57 

98 

32  •  10.  . 

81 

85 

lU 

.   85 

97 

) 

. 

The  method  of  using  it  k  as  foDows :  1st  Add  the  two  Metbod^f 
obtenred  heights  of  the  bcrometer,  and  halve  the  sum  to  ob»  ^''"^  ^^^ 
Cain  the  mean  height.  2d«  Subtract  the  lesser  height  from  the 
gieater,  the  remainder  is,  of  conrae,  the  difference  in  tendtt^ 
&c.  of  an  inch*  3d.  Enter  the  table  with  the  mean  heiglht, 
$Bad  take  out  the  feet  answering  to  it^  mak'mg  a  proportion  if 
the  mean  height  does  not  exactly  answer  to  a  foot.  (This  pro* 
portion  may  be  made  by  head.)  Multiply  the  number  tbas  ob« 
tained  by  the  tenths,  &c.  of  an  inch  of  d^fiesenGe  of  hdf^. 
The  result  will  be  nearly  the  number  of  feet  answering  to  the 
4iftrence.of  height  between  the  two  barometers  at  the  Mnpe-  its  Asgiw^f 
ratare  of  freeuog.  When  the  lower  barometer  stands  between  accuracsr. 
il29  and  30  inches,  and  the  elevation  does  not  exceed  1500 
fiect,  this  rule  will  give  the  height  within  one  ibot  of  the  resoh 
from  the  log^thmic  method.  When  the  elevation  is  about 
3000  feet,  the  error  will  be  nearly  three  feet,  and  at  heights 
greater  than  3000  feet  the  error  increases  in  an  higher  ratio. 
It  is  always  in  de£ect.  In  this  country,  however,  such  eleva- 
tions do  not  exist,  and  in  those  parts  where  a  knowledge  of  the 
companlife  heights  of  the  different  hills  is  the  roost  generally 
V|efi^l,  they  seldom  exceed  1000  icet.    At  all  events  such  ob» 

servationi 


« 
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sen-ations  a&  relate  to  great  elevations  may  be  always  recoft*i 
putod  by  more  rigorous  methods  at  leisure. 

rorrertion  for  TLc  correction  of  the  heights  thus  obtained,  for  the  te%^ 
STt^^'JiIture  Pcrature  of  the  air  above  freezing,  is,  by  Sir  G.  Shuckb|M»  ' 
above  the  supposed  to  be  as  the  height  of  the  thcrmomcteri  and  tQ  k 
">S  poui  2^^/^  thousandths  of  the  approximate  height  for  each  dqpM 
of  Fihrenheit  ;  additive  when  the  tempt raturc  is  above  htth 
idg,  and  subtract! vc  when  beloiv  freezing.  Gsneral  Roj^i 
obsen'ations  and  experiments  lead  to  a  supposition' that tk 
correction  is  not  exactly  as  the  height  of  the  thermomckr, 
and  that  at  about  the  temperature  of  50°  it  amounts  to  3.5 
tbousbndths,  and  is  less  both  much  above'and  much  below  tbst 
temperature.  For  the  purpose  of  immediate  ooroputatioQi  I 
take  the  correction  at  2,5  ;  which,  though  certainly  toogmt, 
will  in  general  be  productive  of  very  small  error,  and  afrnii 
a  niU  which  is  easily  remembered,  and  quickly  applied.  It 
is  this.  For  ever}'  four  degrees  that  the  mean  temperature  of 
the  two  detached  thermometers  exceeds  32^,  add  one  him- 
dredth  of  the  approximate  height,  as  before  obtained,  to  it; 
for  ever}' 40*  one-tenth;  and  so  for  any  greater  or  lesser  mil*- 
ber  of  degrees.  I  have  not  hitherto  mentioned  the  cotiectioi 
iihich,in  fact,  ought  to  be  the  first  in  order,  viz.  that,  fortk 
diflfcrence  of  temperature  of  the  two  barometers  themsetvei: 
but  this  correction  is,  in  general,  so  small  as  to  be  saicly  Def- 
lected, and  is  besides  easily  to  be  made  from  ]Mr.  Ramsdea^ 
numbers,  which  are  engraven  on  the  scale  of  the  attacM 
thermometer.  It  may  not  be  impn))xrr  tu  give  an  example  or 
two  of  the  metliod  already  detailed. 


Vtry  sinptc 
nle  for  thid 
jpiirpusc. 


Kxamptcs  to 
iUnKtrafe  the 
^pmpiitatioR!!, 
atfed  shew  tln.ir 
occuncv. 


Observation  at  bottom,       J?p.400     Therm,  in  air,      45 
Observation  at  top,  25.200    Therm,  in  air,       4| 


Mean, 


54.600 

27.300       Moan  heat, 

Standard, 


86 
43 

32 


Difference,     1 1 


Diflcmice,- 


Difierence,  42  tenths. 

Value  of  a  tail)i;b^  yMB,      9^.5  ket. 


•  / 


1010 
3820 

;     Approximate  liclglif,  4O11.0  feet. 

Do.  by  Sir  G.  Shuckburg,  4016.0 

firror,       —        5  feet. 

COR&EtTXOW    FOR   TZMPERATIfRl. 

For  8^  =^  2  hundredths,  80  feet. 

For  3**  ==s  3  four  hundredths,         30 


Correction,       •^       110 
Do.  by  Sir  G.  Shuckbui^,       107.4 


Approairaate  Height 

Corractioii  for  Temper, 
llesult,         —       — 


Error, 

by  nlic. 

4011 

110 

4121 


2.6 


Sir  G.  Shuckbuig. 
4016 
107.4 


4123.4 


EXAMPLE    ir. 

Observation  at  bottom,     30.017     Therm,  in  air,    60^ 
ObaeiYation  at  top,  29.534    Therm,  in  air,     57 


Mean, 
Dilicrcnc(% 


59.551  i 

29.775        Mean, 
4.83         Standard, 


Value  of  a  tenth  by  table,         87. 5 


117 
28.S 
32. 

Difference,    26.5 


350.0 
70.00 
2.625 


Approximate  Height,  422.625 

Du.  by  Sir  G.  Shuckburg,     422.9 

Error,       —       00.3 
Vol.  XIV.-Mat,  1806. 
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CORRECTION    TOR    TKHfERATURK* 

Tor  24^"     =     6  hiinclrocUhs,  25  .  3 

2     =     2  four  hundrciltli,      2  .  0 
i     =     1  eight  huiidrcddi,     0/5 


Correction,  -f  27  .  8 

Do.  by  Sir  G.  Shuckburg,     27  •  2 


Error,         +  0.6 

By  me.     By  Sir  G.  Shuckburg, 
ApproximatQ  height,        422  .  6  422  •  9 

Correction  for  Temper.     27- .  8         —  27  .  2 

459  .  4  450  .  1 

Tliesc  two  examples  shew  how  near  the  truth  the  mc- 
tliod  here  recommended  will  come,  even  in  considerable 
boi«xhts. 
Estimate  of  the  It  has  been  already  observed,  that  in  observations  made 
which  may*^  ^^^^^  ^*^  barometer  I  have  described,  a  small  correction  is 
arise  from  a  necessary,  on  account  of  the  rise  in  the  mercury  in  the  cis- 
the  proportion  ^^™*^  ^s  the  barometer  falls.  Altitudes  being  in  all  cases  mea- 
of  the  bore  of  surcfi  by  the  dilTcrcnces  of  the  heights  of  llic  mercury  at  the 
ofthe<'i>trm;it  ^^^^  ^^^^*o"s,  and  these  differences  being  evidently  always  too 

i<  probably  less  sniall  in  this  barometer,    the  correction   is   obviously    alwavs 
than  one  Hiou-     ....  ^      .  .         ixi-  i  .         '  i       •    ." 

modthpart.  additive.  As,  m  consiructmg  dmo.retil  barometers,  the  inte- 
rior and.  exterior  diameters  of  the  tube  will  not  always  bt 
exactly  similar,  though  the  cisterns  may  hv  turned  always 
alike,  titis  error,  and  of  course  the  correctit/U  fur  it,  shcmld 
be  in  each  instrument,  deduced  from  a  comparison  with  a 
Laromeler  of  i^nown  :iccunM*v,  at  dillercnt  heights.  Jt  will 
proli.-ibly  vary  in  (iiili'M-Lt  iri^irunicnls  from  a  iiineti(;th  to  a 
8t»vciitiel!i.  Indi'cd,  if  it  \\c:x>  alu:iYS  taken  at  an  eighlieth^ 
in  -inMrunients  cu:i.^lructed  as  above  directed,  the  possible 
error  could  only  Jiinouiit  to  about  <.ne  foot  on  a  thousand-;  & 
quanlity  of  vrry  liu!.*  importance. 

01>fferf'ntion9         Ji  now  irniuins  ;-.»  ^^av  a  few  v.iatls  en  the  ncce>sity  of  tw» 
with  one  single  "  . 

baruiueter  pu«-  l>aro- 
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l>aromrtcrs  for  the  mensuration  of  hcijrhts,  and  tlic  probalilv  s':>«^'"'*'"*«^"- 
error  to  be  incurred  by  usinj^  a  single  one,  TIumv  is  no  duubt, 
that  where  very  great  accuracy  is  required,  Iwu  baromet(\r«i 
ought  to  be  used;  but  even  with  every  precaution,  altitudes 
cannot  bo  taken  by  barometers  sufficiently  near  for  the  purpose 
of  carrying  water  cither  by  pipes  or  canals,  and  for  the  pu'r- 
jiose  of  the  geologist,  military  surveyor,  or  agriculturist,  it  is 
of  vcr}'  little  importance  whether  a  mountain  is  1000  or  1010 
feet  hi!;h,  though  it  is  of  the  highest  utility  tliat  he  should  know 
whether  it  is  800  or  1000.  I  have  during  the  course  of  many 
years  been  in  the  habit  of  taking  observations  of  altitudes  by  u 
single  barometer,  and  have  had  many  opportunities  of  repeat- 
ing my  observations  on  the  same  hills  when  the  barometer  has 
been  at  different  heights,  and  when  falling  or  rising  during  the 
time  of  observation;  and  more  than  once  I  have  obsen'cd 
heights  which  had  been  trigonomically  taken  by  the  best  in- 
strument^, and  I  can  safely  say  that  tlie  diflerenco  between 
these  observations  have  seldom  amounted  to  so  much  as  two 
feet  on  an  hundred.  The  mode  I  use  is  this: — At  setting  out  Acpountof  th 
I  take  the  height  of  the  mercury,  and  note  the  time  of  obscr-  {^j^^'i  bv'the  ' 
vation.  I  Hkewisc  note  the  time  of  the  second  obsenation,  autlior. 
and  on  returning  to  the  first  station,  observe  again  and  note  the 
time.  If  the  barometer  has  altered  in  the  interval,  a  simple 
proportion  corrects  either  of  the  three  ob^'nations,  and  redu- 
ces the  height  to  what  would  have  been  observed  had  the  mer- 
cury  been  stationary.  It  is  true,  that  this  method  supposes 
tlw  motion  of  tlie  mercurv  to  have  been  uniform  durin<;  the 
interval  of  observation,  but  except  in  very  variable  weather, 
wliich  does  not  very  often  occur,  particularly  in  summer,  when 
the  greater  number  of  these  observations  will  naturally  be 
made,  this  supposition  may  be  safely  made.  It  is  also 
true,  that  a  traveller  has  often  no  opportunity  of  m«iking  a 
^cond  observation  at  the  spot  he  sjet  out  from.  Even  in  this 
csii-o,  a  near  a])proxipiation  may  often  be  made  by  observ- 
ing, f<»r  example,  at  a  stream  on  each  side  ot  the  hili  to 
be  mrnsured.  If  also  he  observes  the  barometer  repeatedly  in 
tlie  morning  before  he  sets  out,  and  s(h.*s  its  tendency,  and  does 
(l^c  same  at  every  halt  during  the  day,  he  will  have  data  whero- 
«n  to  found  a  nearly  accurate  correction.      Bat  if  all  this  ^*»'^|^''|»'^ns» 

.     .    •'  arc  hiprniv  »»»«• 

should  be  out  of  his  power,  even  under  the  most  unfavourable  ful,  eron untlii 

f',  ^  I  .      un favourable 
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circumstaiiGes,  baromctical  observations  will  give  a  moch 
accurate  idea  of  the  outline  of  a  country  than  any  we  now  pQ|* 
SC8S ;  and  it  should  be  ever  remembered,  that  observatioBS  ac- 
curately made,  and  faithfully  recorded,  are  valuable.  Tlie 
repeated  observations  of  different  travellers,  though  separatdy 
defective,  will  in  most  casds  correct  each  other,  and  from  ihe 
whole  very  accurate  conclusions  may  be  drawn. 
Fabrication  I  have  entered  into  a  greater  detail  than  would  be  necessary 

tbefTS^urome-  ^^^  *  S^^^  P*^^  ^^  Y^^^  readers,  in  the  hope  of  being  intelUgH 
ten.  ble  to  those  who  are  less  acquainted  with  the  subject,  and  who 

may  wish  to  employ  any  instrument-maker  for  the  construc- 
tion of  barometers  similar  to  that  which  I  have  described.  In 
jusfice  to  a  very  ingenious  young  artist,  permit  me  to  add,  that 
I  have  employed  in  making  tliose  which  I  have,  Mr.  Thomas 
Jones,  of  No.  1^0,  INIount-strcct,  Berkelcy-spuare,  pupil  of 
the  late  Mr.  Eamsden,  and  who  will  furnish  them  at  the  price 
of  two  guineas  and  a  half  without  the  attached  thermometer,  . 
three  guineas  with  it,  and  three  guineas  and  a  half  with  tho"^ 
attached  and  detached  thermometer.  Such  barometers,  how- 
ever, as  are  graduated  down  to  20  inches,  will,  on  account  of 
the  additional  work«  cost  five  shillings  more. 

I  am,  Sir, 
TUney-ftreet^  Your  humble  SerN-ant, 

April  5,  ISCK).  H.  C.  Englefielb. 

DiflTerenre  of        P.  S.    On   comparing   several    barometers  made   by  Mr, 

■cttling'of  these  ^^"^»  since  this  description  was  written,  I  find  that  in  some 

inntrumenti :  It  of  them  the  mercury  docs  not  take  its  true  height  on  tumit^ 

their  accuracy.  "P  ^^^  instrument,  quite  so  quick  as  in  the  two  which  he  first 

constructed  for  me.     Hiis  dificrcncc  is  owing  to  the  greater 

closeness  of  fibra  in  some  pieces  of  box-wood  than  in  others ; 

but  it  does  not  aficct  the  accuracy  of  the  instrument.    It  may 

not  be  superfluous  to  say,  that  the  weight  of  this  barometer  is ' 

t)ne  pound  and  tliree  quarters ;  the  weight  of  Ramsden^s  last 

improved  barometer  is  four  pounds  and-  a  half ;  and  that  of 

his  earliest  form,  six  pounds  and  three  quarters. 

I  subjoin  a  few  observations  made  at  the  top  and  bottom 
of  Richmond'Hill,  by  which  the  accuracy  of  this  barometer 
may  be  &irly  estimated. 

Dec, 


ACTION  or 

Bason. 
PhcS3.  Hilltop,          1?8.710 
'  •           Thames  side,  28.868 

UEAl. 

Therm.    Results* 

Fc^U 

^     146 
44 

—  133 
38 

~     13* 
36 
37 

—  137 

51 

—  139 

53 
54 

—  140 
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m.    In  Hill  top,          2P,540 
^             Thames  udc»  $9,686 

doubtfal* 

1 

L                      ^^^ 

Oi.    2.  Hill  top,          29.708 
^              Thames  side,  29-860 

152 

lii,  91.  Hill  top,         29.301 

Tliamesside,  29.453 

152 

tlph.  S5.  Hill  top,         29.758 

Thames  side,  29-912 

154 

Vek  24.  Hill  top,        30.180 

Thames  side,  30.334 

154 

n. 

Jkanmi  rf  a  Series  rf  ExpcrimoiU,  shewing  the  FjfcUs  ^ 
Compreuion  in  modifying  the  jiction  of'  Heat,  Bjf  Si& 
Jam  Eft  Hall,  Bart.  l\  R.  S.  Edinburgh. 

(Continued  from  page  405,  Vol.  xiii.^ 

Mtperments  in  which  Water  was  employed  to  increan  the 
EieMiicity  of  the  included  Air, — Cases  of  complete  Com- 
freuion.— General  Observations, — Some  Erjtefiments  afford- 
ing  interesting  Results;  in  particular^  shewing  a  mutual 
jicOoH  between  Silex  and  the  Carbonate  of  Lime, 

P  INDING  that  such  benefit  arose  from  thcincrcasc  ofelasti-  Contrivance 
city  g^ven  to  the  included  air  in  the  last-mentioned  experi-  Jj^^'^^'JIJ^ 

mentSy  of  wmter  wts 
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Inrlnded.in  or-  mcnts,  by.  the  diniimition  of  its  quantity  ;  it  now  occurcd  t* 

t^  ^oJJI^reSu  "^^'  ^^^^  ^  suggestion  formerly  made  by  Dr.  Kennedy^  of  using 

oil  by  iu  r«-     water  to  assist  the  compressinjj  force,  might  be  followed  with 

action  as         advantage  :     That  while  sufficient  room  was  allowed  fof  the 

expansion  of  the  liquid  metal,  a  reactmg  force  of  any  required 

amount,  might  thus  be  applied  to  the  carbonate.  In  this  view, 

I  adopted  the  following  mode,   which,   though  attended  with 

considerable   difficulty  in  execution,   I   have  often  practised 

with  success.     The  weight  of  water  rc(]uircd  tf>  be  introduced 

into  the  barrel  was  added  to  a  small  piece  of  chalk  or  baked 

clay,  previously  weighed.     The  weight  of  water  required  to  be 

introduced,  into  tlie  barrel  was  added  to  a  small  piece  of  chalk 

or  baked  clay,    previously   weighed.      The    piece  was  thea 

dropped   into  a  tube  of  porcelain  of  about  an  inch  in  depth, 

and  covered  with  pounded  chalk,   which  was  firmly  rammed 

u|)on  it.     The  tube  was  then  placed  in  the  cradle  along  with 

the  subject  of  experiment,  and  the  whole  ^m€  plunged  into  tbe 

fusible  metal,  previously  poured  into  the  barrel,  and  heated  so 

as  merely  to  render  it  I'ujuid.     The  metal  being  thus  suddenly 

cooled,  the  tube  was  encased  iu  a  solid  mass,  before  the  faett 

Lad  reached  tl.c  included   moisture.     The  <lifficulty  was   tp 

catch  the  fu>iole  metal  at  the  proper  temj  eraturc ;  for  when 

it  was  so  hot  as  not  to  fix  in  a  iqw  seconJs,  by  the  contact  of 

the  cradle  and  its  contents,    tiie  water  was  heard  to  bubble 

through  the  metal  and  escape.     I  r)\('rcainc  tliis   difficult}*, 

however,  by  first  heating  the  breech  ot  the  barrel,  (containing 

a  sufficient  quantity  of  fusible  metal),  almost  to  redness,  and 

then  setting  it  into  a  vessel  full  of  water,  till  the  temperatufe 

bad  sunk  to  the  proper  pitch,   which  I  knew  to  be  the  case 

when  the  hissing  noise  produced  in  the  water  by  the  heated 

barrel  ceased  ;    the  cradle,  during  the  last  stage  of  this  opera* 

tion,  being  held  close  to  the  muzzle  of  the  barrel,  and  ready 

U)  be  thrust  into  it.  ^ 

fTurressAil  ex-        On  the  2d  of  May,  I  made  my  first  experiment  in  this  way, 

TtmTsi^        ^^*°^  ^^  ^^™^  air-tube  as  in  the  last  experiment,  which  was 

equal  in  capacity  to  one-thirtieth  of  a  cubic  inch.     Half  a 

grain  of  water  was  intrtKluced  in  the  manner  just  doscribeii. 

'JTie  barrel,  after  an  hour  ol'  re<l-heat,  wiis  let  tlown  by  a  ro^^e 

and  pulley,   which  I  took  care  to  use  in  all  experiments,  in 

which  there  was  any  appearance  of  danger.     All  was  sound. 

The 


IT    COMPRSSSIOy*  \5 

The  metals  rushed  out  smartly,  and  a  flash  of  flame  accompa* 
Died  the  discharge.  The  upper  pyrometer  gave  24°,  and  the 
Lower  one  14°.  The  contents  of  the  inner  tube  had  lost  loss 
than  1  per  cait.y  strictly  0.84.  The  carbonate  ^as  in  a  state 
of  good  limestone ;  but  the  heat  had  been  too  feeble :  The 
lower  part  of  the  chalk  in  the  little  tube  was  not  agglutina* 
ted :  The  chalk  round  the  fragment  of  pipe-stalk  (used  to  in- 
troduce tlie  water),  which  had  been  more  hooted  than  the 
pyrometer,  and  the  small  rod,  which  had  moulded  itself  iu  the 
boil  of  the  stalk,  were  in  a  state  of  marble. 

On  the  Kh  of  Alay,  I  made  an  experiment  like  the  last,  but  Another  vith 
witli  the  addition  of  1.05  grains  water.     After  application  ^i^mu.lj^, 
heat,  the  fire  was  allowed  to  bum  out  till  the  barrel  was  b]ack«- 
I'be  metal  was  dischai]ged  irregularly.     To\^'ards  the  end,  the 
inflammable  air  produced,   burnt  at  the  muzzle,  with  a  lam* 
bent  flame,  during  some  time,  arising  doubtless  from  hydrogen  .    . 

gas,  more  or  less  pure,  produced  by  the  decomposition  of  the 
water.  The  upper  pyrometer  indicated  36®,  and  the  lower 
une  19^.  The  chalk  which  lay  in  the  outer  part  of  tlie  lart^ 
tube  was  in  a  state  of  marble.  The  inner  tube  was  united  to 
the  outer  one,  by  a  star  of  fused  matter,  black  at  the  edges, 
and  spreading;  all  round,  surroundinir  one  of  the  fragments  of 
porcelain  which  had  fallen  by  accidoiU  in  between  the  tubes. 
The  inner  tube,  with  the  starrv  matter  adhcrinc  to  it,  but 
without  the  coated  fragment,  seemed  to  have  sustained  a  loss 
of  VZ  ptr  cent.,  on  the  original  carbonate  introduced.  But, 
the  substance  surrounding  the  fragment  being  inappreciable, 
it  was  impossible  to  learn  what  loss  had  been  really  sustained. 
Examining  the  little  tube,  I  found  its  edges  clean,  no  boiling 
over  having  taken  place.  The  top  of  the  small  liinp  of  chalk 
bad  sunk  much.  When  the  little  tube  was  broken,  its  con- 
teats  gave  proof  of  fusion  ini  some  parts,  and  in  others,  of  the 
nearest  approach  to  it.  A  strung  action  of  ebullition  had 
taken  place  all  round,  at  the  contact  of  the  tube  with  the  car- 
bonate :  in  the  heart,  the  substance  had  a  transparent  granu- 
lar texture,  with  little  or  no  crystallization.  The  small  piece 
of  lump-chalk  was  united  and  blended  with  the  rammed  pow- 
der, so  that  they  could  scarcely  be  distinguished.  In  the  lower  ^ 
p^irt  of  the  carbonate,  where  the  heat  must  have  been  weaker, 
the  rod  had  acted  more  feebly  on  the  tube,  and  was  detached 

(touv 
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from  it :  bore  the  substance  was  firm^  and  was  V^lj 
in  tUe  fracture  witli  crystalline  facctfcs.     \Vheie?er  the 
bonate  touclicd  the  tube,  the  two  substances  exhibited,  ill  i 
mixture,  much  greater  )>roof5  of  fusion  than  tonld  be 
the  pure  carbonate.   At  one  place,  a  strcain  of  this  coih] 
had  penetrated  a  rent  m  tl>e  inner  tube,  whlcA  it  haii 
completely,  constituting  a  real  vein,  like  those  of  the' 
kingdom :  which  is  still  distinctly  to  be  seen  in  the 
It  had  then  spread  itself  upon  the  outside  of  the  inner  tal^f 
the  extent  of  half  an  inch  in  diameter,  and  had  enveloped  4#i 
fragment  of  porcelain  already  mentioned.     When  pieoil'tf( 
the  compound  were  thrown  into  nitric  acid,  some 
and  some  not. 
Kxperiment  I  repeated  tliis  experiment  on  the  same  day,  willi  two  gmi '' 

repeated  with   q£  water.     The  furnace  being  previously  hot ;  I  contimirfii' 
tkia  before.      ^^  during  one  half-hour  with  tlie  muflile  open,  and  smA 
with  a  cover  upon  it.     I  then  let  the  barrel  dawn  bynflttrf 
the  pulley.   The  appearance  of  a  large  longitudinal  nnt,  Biii 
me  at  first  conceive  that  the  experiment  was  lost,  and  the  tat* 
rcl  destroyed :  The  barrel  was  visiibly  swelled,  and  in  tiic8l| 
bad  burst  the  crust  of  smooth  oxide  with  which  it  was  flv« 
rounded ;  at  the  same  time,  no  exudation  oi  metal  had  hi|i|flH 
edy  and  all  wus  sound.     The  metals  were  thrown  out  vik 
more  suddenness  and  violence  than  in  any  former  experimMty 
but  the  rod  remained  in  its  place,    being  secured  by  a  coii» 
The  upper  pyrometer  gave  27®,  the  lower  C3*.     The  coBtail^ 
of  the  inner  tube  had  lost  1.5  per  cent.     The  upper  end  of  th0 
little  lump  of  chalk,  was  rounded  and  glazed  by  fosiott;  mi 
the  letter  which  I  have  been  in  the  habit  of  cutting  on  dwil 
amall  pieces,  in  order  to  trace  the  degree  of  action  upon  tbenir 
was  thus  quite  obliterated.     On  the  lower  end  of  the 
lump,  the  letter  is  still  visiible.     B<fth  the  lump  and  the 
mcd  chalk  wore  in  a  good  semitrans|iarent  state,  shining  il 
little  in  the  fracture,  but  with  no  good  facettes,  and  nowheil 
appearing  to  have  acted  on  tlie  tube.     The  lust  circumstand 
is  of  consequence^  since  it  seems  to  shew,  that  this  very  R* 
markable  action  of  heat,  under  compres^sion,  was  perfbnnoi 
without  the  assistance  of  the  substance  of  the  tube,  bv  whicki 
in  many  other  ex|)enments,  a  considerable  additional  iuaiU-| 
lity  has  been  communicated  to-  the  carbonate. 
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y  and  many  others  made  about  the  same  j),^  n-itcr  in< 


with  the  sane  successy  clearly  prove  the  cfEcacy  of  wa-  <*rfHS'.-il  \\w. 
ir  n  MMtmg  bic  coupvcsuon ;   and  rc:>nlts  opproacliing  to  \^^  ^.ji^,.^  ^^^ 
|kBB  is ^piality,  4Diftgiiind,  in  some  cases,  by  means  of  a  very  mfniy  me- 
■mU  W'^Kibey  'shew  diat  the  influeoce  of  water  on  this  occa- 


beCQ  pneiseiy  inedianic:il. 
1  ■! — r\  the  iioUowing  summer  and  autum  1S03,  I  was  oc- 
ll^pW  wkfa  a  difiercDt  brandi  of  this  subject,  which  I  shall 
jm  have  occngipn  (o  nention. 

.  In  the  early  part  of  last  year,    1S04,   I  again  rrsumcd  the  Ofherrotntilc 
IBtof  ctcperimeDt  latdy  described,  having  in  view  principally  ^.oinim."^..i/**' 
b  aocoHiiiliiih  absolute  comiifcssion,  in  compK>ie  imitation  of  but  water' i:>  t tic 
Ike  aatanl  prcccss.     In  this  {uirsuit,  I  did  not  confine  myself  ^^  ' 
Ltar,  but  made  use  of  various  other  volatile  substnnces,  in 
to  anitft  compn^sion ;  namely,  carbonate  of  ammonia, 
■iliate  of  ammonia,  gunpowder,  and  pn{irr  impregnated  with 
jifiBtm    With  thefce  1  obtained  s(4iu*  good  results,  but  none  such 
iilD  iadaoe  ne  to  prefer  any  of  these  compressors  to  water. 
Indeed,  I  am  convinced,  that  viater  is  superior  to  them  all. 
Ifmnd,  ia  several  ex^xirimcnts,  made  with  a  simple  air- tube, 
aidumtaoy  artificial  compn*ssor,  in  which  a  ver}'  low  rod-heat 
knd  been  applied,  that  the  carbonate  hist  one  or  one  and  a  half 
ptrcat*     Now,  as  tJiis  must  have  happened  in  a  temperature 
nucely  capable  of  inflaming  gunpowd<^r,  it  is  clear,  that  such 
has  would  cot  have  been  previ^nted  by  its  presejicc :  wliercas 
vater,  beginning  far  below  redness  to  assume  a  gaseous  form, 
vill  eicctually  resist  any  calcination,  in  low  as  well  as  in  high 
beats.     And  as  the  quantity  of  water  can  very  easily  be  xcgu- 
tied  by  weight,   its  employment  for  this  purpose  seems  liable 

0  DO  objection. 

On  the  ed  of  January- 1804,   I  made  an  experiment  with  EYpcrimcnt  ia 
larUc  and  chalk,  with  the  addition  of  1.1  grain  of  water.     I  ^j^^.  ^^^^  ^^^^ 
tmed  at  a  low  heat,  and  the  pyrometer,  though  a  little  bro-  sure  chalk  was 
en,  eccmed  clearly  Ut  indicate  2'J**.     Unluckily,  the  muzzle  ^^^  jicSt?and 
f  the  large  tube,  wliich  was  closed  as  usual  with  chalk,   was  anufhtr  part 

1  ,  ,  ,  ,  1  »  ^        I  oonviTti'd  into 
iaccd  uppcrniost,  and  expn»>(l  to  the  strongest  heat.    1  found  ]jiii(.,;tone  at  a 

xouudcd  by  fus-ion,  and  in  a  froihy  state.     The  little  tuU^  low*  r. 
Mnc  out  very  clean,  and  was  so  ni*arly  of  tho  snuic  \M'ij.l)t  ns 
Len  put  in,  that  lis  contt  nt>  had  lost  bMt  0.07-1  fwr  ctr.f.  of 
le  weight  of  the  original  carbou^ito.     The  inarb!<.'  \\i\>  hut. 
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fre^lr  a^lutihated,  but  the  chalk  was  in  a  state  of  firm  lil0e« 
stone,  though  it  must  have  undergone  a  heat  under. 22?,  <nr. 
that  of  melting  silver.  This  experiment  is  certainly  a  mort 
remarkable  one,  since  a  heat  has  bcbn  applied,  inr  yrtdch  Av 
chalk  has  been  chainged  to  a  hard  limestone,  with  a  leas  lesst 
than  the  lOOOdth  part  of  its  weight,  (exactly  rr^) ;  while^ 
under  the  same  Circumstances  of  pressure,  thoi^  probably 
wkh  more  heat,  some  of  the  same  substance  had  been  brought 
to  fusion.  What  loss  of  weight  this  fused  part  sustained,  can-^ 
not  be  known. 

Similar  c^rpcri-  Qn  the  4th  of  January,  a  similar  experiment  was  made/ 
likewise  with  1 . 1  grain  of  water.  The  discharge  of  the  metal 
was  accompanied  with  a  flash  of  (lane.  The  pyrometer  indi- 
cated 26^.  The  little  tube  came  out  quite  clean.  Its  con» 
tents  had  been  reduced  from  14.53  to  14.4(),  dificreiicc  O.OZ* 
grains,  being  0.47  per  cent,  on  the  original  carbonate,  leas 
tlian  one  two-hundredth  part  of  the  original  weight,  (exactly. 
•^Tv).  The  chalk  was  in  a  state  of  firm  saline  marble>  but 
with  no  unusual  qualities. 

The  cnrbonnte  These  two  last  experiments  are  rendered  still  more-  interest- 
'  ing,  by  another  set  which  I  made  soon  after,  which  shewed, 
that  one  essential  precaution  in  a  point  of  such  nicety  had  been 
neglected,  in  not  previously  drying  the  carbonate.  In  several 
trials  made  in  the  latter  end  of  the  same  month,  I  found,  that 
chalk  exposed  to  a  heat  above  that  of  boiling  water,  but  quite 
short  of  redness,  lost  0.34  per  cent, ;  and  in  another  similar 
trial,  0.46  per  cent.  Now,  this  loss  o{  weight  equals  within 
0.01  per  cent,  the  loss  in  the  last-mentioned  experiment,  thalf 
being  0.47 ;  and  far  surpasses  that  of  the  last  but  one,  which, 
was  but  0.074.  There  is  good  reason,  tlicrefore,  to  believe, 
that  had  the  carbonate,  in  these  two  last  expcrimonts,  been 
previously  dried,  it  would  have  been  found  during  comprcs^on 
to  have  undergone  no  loss. 

Explanation  of     1'^^  rasult  of  many  of  the  experiments  lately  mentioned, 

•onMappwent  accms  fully  to  explain  the  peipluxmg  discordance  between  my 
aooiDuies.  •  .  . 

experiments  with  porcelain  tubes,   and  those  made  in  banreU 

of  iron.     With  the  porcelain  tubes,  I  never  could  succeed  in  a. 

heat  above  28^,  or  even  quite  up  to  it ;  yet  the  results  were 

often  excellent.     Whereas,    the  iron-barrels  have   currently 

stood  firm  in  heats  of  4 1*  or  5 1^  and  her,  e  reached  even  to  70** 

.or 
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n  80*  without  iujury.     At  the  same  time,  tho  rcsulfs,  even  in 
ftose  high  heats,  were  often  inferior,  in  point  of  fusion,  to  those 
ibiained  by  low  heats  in  porcelain.     The  reason  of  this  nuw 
)lun1y  appears.     In  the  iron-harrds  it  has  ahvays  been  con- 
fUered  as  necessary  to  use  an  air^tube,    in  consequence  of 
vWch,  some  of  the  carbonic  acid  has  been  separated  from  the 
'  ttffliy  basis  by  internal  calcination :  what  carbonic  acid  rc- 
'.  Btined,  has  lx?en  more  forcibly  attracted,   according  to  ]Mr. 
BerthoUct's  principle,  and,  of  course,  more  easily  compressed, 
Am  when  of  quantity  suflicient  to  saturate  the  lime :   but, 
Mag  to  the  diminished  quantity  of  the  acid,  the  compound 
ftis  become  less  fusible  than  in  the  natural  state,   and,  of 
course,  has  undergone  a  higher  heat  with  less  effect.     The  in- 
troduction of  water,  by  furnishing  a  reacting  force,  has  pro- 
duced a  state  of  things  similar  to  that  in  the  porcelain  tube<« ; 
the  carbonate  sustaining  little  or  no  loss  of  weight,  and  the 
rompound  retaining  its  fusibility  in  low  heats*. 
'   In  the  early  part  of  1804*,  some  experiments  were  made  with 
liarrels,  which  1  wished  to  try,  with  a  view  to  another  series  of 
experiments.    The  results  were  too  interesting  to  be  passed 
orer;  for,  though  the  carbonic  acid  in  them  was  far  from  bc- 
iag  completely  constrained,  they  afforded  fome  of  the  finest 
examples  I  had  obtained,  of  tlie  fusion  of  the  carbonate,  and 
of  its  union  \dth  si  lex. 

On  the  13lh  of  February,  an  experiment  was  made  with  Experiment. 
pounded  oystcr-shcIl,  in  a  heat  of  33°,  without  any  watei  be-  portiou^of  *  ar 
ing  introduced  to  assist  compression.     The  loss  was  apparently  bonnte  (from 
of  1 2  fvr  cent.     The  substance  of  the  shell  had  evidently  been  ^^^j  attraction 
in  viscid  fusion :  it  was  porous,  semi  transparent,  shining  in  sur-  of  thcrarlH)!*- 
Face  and  fracture ;  in  most  parts  with  the  gloss  of  fusion,  in  '^^  i^^Ji^  ^ 

*  llie  retentive  power  here  ascribed  to  the  porcelain  tubes, 
iccins  not  to  accord  with  what  was  furinerl y  mentioned,  of  the  cy- 
bttnic  acid  luiviiiL;  bccu  driven  through  the  substuucc  of  the  tube. 
But  tlie  loss  by  ihia  means  has  piubablj  been  su  small,  that  tho 
uative  prnpCTtics  ut  the  carbonate  have  noi  been  sensibly  chi^n^cd. 
Or,  perluips,  this  penetrability  may  not  be  so  universal  as  I  havf 
been  induced  to  think,  by  having  met  with  it  in  all  the  cases  which 
[  tried.  In  tiiis  doubt,  T  strenuously  recommend  a  further  cxamin* 
ation  f»f  this  subject  to  gentlemen  who  hav«  eatiy  access  to  such 
porcelaias  as  th;At<of  Dresden  or  of  Svvc. 

D  2  many 
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many  otlicrs  with,  facettet  of  cryitaUinlion.    The 
had  beon  set  with  its  miuile  upwards  s  over  it,  aa 
a  fragiiK^nt  of  porcelain,  and  on  that  a  round  man  of 
At  the  contact  of  the  porcelain  and  the  chalk,  they  had 
together,  and  the  chalk  hod  been  evidently  io  a  vciy  aoA 
for,  resting  with  its  weight  on  the  porcelain,  this  last  had 
pressed  into  the  substance  of  the  chalk,  deeper  thaa  its  Q«9<j 
breadth,  a  rim  of  chalk  being  visible  >iithout  the  surfiue  of  thsj 
porcelain ;  just  as  when  the  round  end  of  a  knife  is 
upon  a  piece  of  soft  butler.    The  carbonate  had  sprB8d.Mi||{ 
much  on  the  inside  of  the  tube,  and  had  risen  round  iU  %i|J 
bome  salts  rise  from  their  soliition  in  water.     In  this  maiiaer,t . 
small  quantity  of  the  carbonate  had  reached  the  outer  tik^. 
and  had  adhered  to  it.     The  black  colour  frequently  mealiQaf 
ed  as  accompanying  the  union  of  tho  carbonates  with  the  yoif 
cclain,  h  here  very  rcmaikablc.  .-, 

Similar  cx-pcri-      Qn  the  26th  of  February,  I  made  an  experiment,  in  wU^ 
tiic  carbonate  was  nut  weighed,  and  no  foreign  substance  was  .<  i 
introduced  to  assist  the  compreshion.     The  temperatoie  ~^    ' 


46*^.  The  pyrometer  had  been  aAected  by  the  contact  of  %: 
piece  of  chalk,  with  which  it  had  united ;  and  some  of  tb 
carbonate  must  have  penetrated  the  substance  of  the  pyrome* 
tor,  bince  this  last  had  visibly  yielded  to  pR^surc,  as  appeiie4 
by  a  swelling  near  the  contact.  I  observed  in  these  experi? 
mcnts,  thut  the  carbonale  had  a  powerful  action  on  the  tabes 
of  Coruisli  clay,  mure  than  on  the  pounded  silex.  Perhapi  it 
has  a  peculiar  afliniry  for  an^il,  and  tins  may  lead  to  important 
consequences.  The  chalk  had  visibly  first  shrunk  upon  ittdi, 
>o  as  to  be  detached  from  the  sides,  and  had  then  begun  Id 
run  by  successive  {xirtions,  so  as  still  to  leave  a  pillar  in  the 
middle,  \erv  irregularly  worn  away  ;  indicating  a  succcssre 
liquefaction,  like  that  of  ice,  itut  the  yielding  of  a  mass  soAcn- 
ing  all  at  once. 
Similir  experi-  On  the  'JRth  of  Fcbrtiafy,  I  made  an  •xperimcnt  with  oy- 
ofappeanmccs.  ^^^^'^^^^^  unweighed,  finely  ground,  and  passed  fhrough  the 
closest  sieves.  The  pyrometer  gave  40^  Tlie  piece  of  chalk 
below  it  had  been  so  sott,  as  to  sink  to  tlie  depth  of  half  an 
inch  into  the  moulh  of  the  iron  air-tube,  taking  itb  unpressioB 
completely.  A  small  part  of  this  lump  was  contaminated  with 
iron,  but  the  re:^t  ua<  m  a  tiuo  jtule.     luc  tube  had  a  rent  in 

it. 
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ky  dtfongk  «4i€b  the  carbomrte,  huUH  wklk  ihb  imrttep  of  tlf« 
la^y  bad*  iowe4  in  hio  or  tkiee  pkcts.  llie  sliell  had 
shrunk  upon  itself^  so  as  to  stand  dctRchcd  irom  the  sitksy  and 
k>re  very  etrong  ttaAs  of  fasioit.  The  external  surfhce  tvas 
quite  sraoeih,  and  shining  like  an  enamel.  The  internal  p^rt 
causistdd  of  a  mixture  of  larga  bubbles  and  solid  parts  :  the  iQ»- 
side  of  the  bubbles  had'  a  lostpe  muck  superior  le  that  of  the 
out^de,  and  equai^  to  that  of  glass.  The  geacral  nmss  was  semi* 
transparent ;  but  small  parts  were  visible  by  the  lenS|  whick 
were  completely  transparent  and  colouiiess,  la  several  places 
this  smooth  surface  had  crystallized,  so  as  to  present  brilliant  &- 
cettes,  steadily  shining  in  certain-aspects.  I  observed  one  of  these 
£u:ettcs  on  the  inside  of  an  air-bubble,  in  which  it  intemspted 
the  spherical  form  as  if  the  little  sphere  had  been  pressed  in* 
Mrards  at  tiiat  spot,  by  the  contact  of  a  plane  sur&ce.  In  some 
chalk  near  the  mouth  of  the  laige  tube,  which  lay  upon  a  stiap 
turn  of  silcx,  another  very  interesting  circtunsCance  occuxed. 
Connected  with  its  lower  end,  a  substance  was  visible,  whiob 
had  undoubtedly  resulted  from  the  union  of  the  carbonate  witk 
the  silcx.  This  substance  was  white  and  semitransparent,  and 
bore  tlic  appearance  of  chalcedony.  The  mass  of  chalk  hai^ 
ing  attached  itself  to  that  above  it,  had  shrunk  upwards,  leav*> 
ing  an  interval  between  it  and  the  silex,  and  carrying  some  id 
the  compound  up  with  it.  From  thence  this  last  had  been  in 
the  act  of  dropping  in  a  viscid  state  of  fusion,  as  evidently  ap- 
peared when  the  specimen  was  entire ;  having  a  stalactite  and 
stalagmite  corresponding  accurately  to  each  other.  Unluckily 
I  broke  off  the  stalactite,  but  tlie  stalagmite  continues  entire, 
in  the  form  of  a  little  cone.  This  mem  sttfaetanee  efervesced 
in  acid,  but  not  briskly.  I  watched  its  entire  solution ;  a  set 
of  light  clouds  remained  undfesdved,  and  probably  some  jelly 
was  formed ;  for  I  observed,  that  a  series  of  air- bubbles  re* 
mnined  in  the  form  of  the  fragment,  and  moved  together  with- 
out any  visible  connection ;  thus  seeming,  to  indicate  a  chemi- 
cal imion  between  the  silex  and  tlie  carbonate  The  shell, 
fused  iii  the  experiment,  dissolved  entirely  in  the  acid,  witk 
violent  effencscence. 

In  the  three  last  experiments,  and  in  several  others  made  at 
the  same  time,  the  carbonate  had  not  been  weighed ;  but  no 
water  being-  iatrodoced  fee  assist  tbe  conpmsioni  it  is  proba- 
ble  tliere  was  much  loss  by  intemal  ci^ipatioD  i  and  owifig 
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iloubtless  to  thiSy  the  carbonates  have  crambled  almost  entii 
to. dust,  while  the  compounds  which  they  had  formed 
silcx  remain  entire. 
Simifor  cxperi-  On  the  13th  of  March,  I  made  a  similar  experiment^  ia 
Uance  to  (T"*'  ''^*^^i  besides  some  pounded  oyster-shell,  I  introduced  a  mix- 
poltioe  marble. -tUTC  of  chalk,  with  10  per  cent,  of  silex  intermixed,  and 
ground  together  in  a  mortar  with  water,  in  a  state  of  cream, 
-and  then  well  dried.  The  contents  of  the  tube  when  openec^ 
were  discharged  with  such  violence,  that  the  tube  was  broken 
to  pieces ;  but  I  found  a  lump  of  chalk,  then  in  a  state  of 
"white  marble,  welded  to  the  compound ;  which  last,  in  its 
fracture,  shewed  that  irrc^lar  black  colour,  interspersed 
roughly  through  a  crystalline  mass^  that  belongs  to  the  alpine 
marbles,  particularly  to  the  kind  called  at  Rome  CtpoUhe, 
It  was  very  hard  and  firm ;  I  think  unusually  so.  It  efiervei- 
'red  constantly  to  the  last  atom,  in  dilated  nitric  acid,  but 
much  more  sluggishly  than  the  marble  made  of  pure  chalk. 
A  cloudiness  appeared  pcn'ading  all  the  Hquid.  When  thf 
cflenresccncc  was  over,  a  scries  of  bubbles  continued  during 
the  whole  day  in  the  acid,  without  any  disposition  to  burst,  or 
'rise  to  the  surface.  After  standing  all  next  day  and  ni^t^ 
they  maintained  their  station ;  and  the  solution  being  stirred, 
was  found  to  be  entirely  agglutinated  into  a  transparent  jelly, 
'breaking  with  sharp  angles.  This  experiment  affords  a  direct 
and  positive  proof  of  a  chemical  union  having  taken  place  be* 
tween  the  carbonate  and  silex. 

(To  be  continued.) 


III. 

Observations  on  the  Dispersion  of  the  Light  of  iMmps  h}f 
Means  of  Shades  of  unpolished  Glass,  Silky  SfC. ;  vrith  « 
Description  of  a  new  Lamp,  %  Benjamin  Count  of 
Rum  FORD.  Read  at  the  National  Institute  of  JVaac^, 
March  20f  18()6\ 

To  Mr.  NICHOLSON. 
SIR, 

*X  SEND  you  for  your  Journal,  the  following  translation  of 
»•  very  ingenious  paper  of  Count  Rumford*s,  which  was  rrad 

at 
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Institute  on  Monday  last.     Count  Rumford,  at  vtho^ 
I  tend  it,  has  taken  tHe  trouble  to  revise  and  correct  the 

I  am, 
Paritf  Your  very  humble  servant, 

t7M  March,  1 80S.  W.  A.  C a  d  E l l. 

17*  Bmc  de  Varcnne. 


.'^Amoiig^t  the  necessaries  of  life  may  be  reckoned  heat  and  latroftueiidiw 
l^k;  and  each  of  them  composes  so  considerable  au-articlei 
pcKpence,  that  every  improvement  that  tends  to  facilitate 
Kr  prodaction,  or  to  economise  their  consumption,  is  descrv* 
Igof  attention. 

Having  made,  at  different  periods,  a  great  number  of  expe-  An  improved 
dttenCs  on  the  production  of  light  in  the  combustion  of  in-       ^' 
luable  bodies,  and  on  its  distribution  ;  and  having  lately  con- 
Mved  a  lamp  which,  on  trial,  has  been  found  to  ans^'er  veiy 
w,  I  have  resolved  to  submit  to  this  learned  assembly  some 
tf  tke  results  of  my  researches  on  this  important  subject. 
•  Hie  lamp,  which  I  have  the  honour  of  presenting  to  the  — *«*  ••caftt 
hlitate,  has  nothing  new  in  the  essential  part  cf  it^  that  is, 
fcfte  form  of  the  wick  ;  for,  after  the  ingenious  discovery  of 
tk  circular  wick  by  M.  Argand,  it  docs  not  appear  to  me 
fR)bahlc  that  thtf  economy  of  oil  in  the  production  of  light  can 
k  carried  much  farther :  Wht!i  this  lamp  is  in  good  order  it 
gives  no  perceptible  smoke,  nor  smell ;  and  hence,  I  think,  wc 
iftay  conclude  that  the  combustion  of  the  oil  is  complete,  and, 
SoDscqncntly,  that  the  qunntity  of  light  is  at  its  maximum. 
3ut  there  still  remains  much  to  be  done  to  improve  thegenc- 
»I  form  of  lamp*,   in   regard  to  their  cle;;iincc  and  convcni- 
aice,  and  above  all,  to  distribute  their  light  in  a  more  advan- 
agpous  and  agreeable  manner. 

If  the  facility  with  which  the  eye  dislinguisi  os  objects  de-  Vision  is  m?«II 
coded  solely  on  the  intensity  cf  the  light  by  v.hich  they  arc  {j^^t,  at  very 

Ihiminated,  the  scientific  distribution  of  light  would  be  less  tlirtV"r«utinicB 

.  silica* 

nportant ;  but  that  is  far  from  being  the  case.     We  are  able 

>  see,  very  distinctly,  with  intensities  of  li^iit  wliich  arc  cx- 

remely  diffierent ;  provided  that  t|^e  eye  has  had  the  time  to 

onform  itself  to  the  quantity  of  light  present,  and  that  that 

paniity  rimains  invariable. 

It 
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It  IS  ncU  kntftm  tb«t  *'c  obb  nnd  pnntwl  ckn 
Uintmnli-  Mzc,  lietti  liy  tii«  Uf^it  i)f  tll«  lull  tituun,  < 
(if  the  sun  at  mid-tluy ;  llie  intensity,  ho^rver,  i 
in  the  firat  cose,  is,  to  that  in  the  •ecoatl, 
but  uliej]  tin  eye  putcs  lapi^I^*-  fiom  a  strung  Q 
that  is  more  fccblf ,  or  rice  vrrta,  we  can  I 
U  firat;  and,  when  these  cIiangtK  succmd  « 
they  become  esircmcly  fiili^uing  tolht  cjcs. 

The  kcilhy  with  whkh  we  ijitfingiiich  mi  ti^gh 
jcot  iie)iendfl  on  it*  sliajtow.     When  tliadow*  are  m 
»e  ncccuarily  well  iLefine'l,  and  wr  see  dtMinctly  ] 
»h«iowj  er  ,j^  |j„[j(  ^ome,  jn  snrcral  directtons,  ke\'crdl  shajJowt  u 
of  the  same  object,  which  are  so  blended  together  ai 
ifaetB  confuBcd  aitd  ili  defined;  and  in  thai  ease  we 
tkcll^Tt  CTCD  io  the  midst  of  a  great  glue  of  light. 
waf  con^de,  ibats  coRudeiaUe  economy  tnHK 
a  jodidoiu  (Uttribuion  of  die  light  employed  • 
room.     But  tbii  iaving  of  »peare,  considerable  a 
be,  i)  however  an  object  of  much  Ins  imponamx  d 
vantage  whjch  mutt  reautl  in  reapcct  to  ftbc  plcaew 
Ugbti  »nJ  the  preBewatjon  of  the  eye*. 
The  linrtfu)  cf-       If  every  sudden  eiwnge  in  the  iiitcntilvof  the  Ui 
feels  of  ihcdi-  ,^         ,     .        ,?        i  ,      .- 

rwTt liffht ..r       "P""  theeyet  be  hurtful  to  them,  the  d>rcct  rayao 
lamps  upon       tUc  flame  of  3.n  Arguid  lamp  must   Citigiie  tiion  « 
*''"■  and  even  deprive  theia  of  the  faculty  of  diM 

objects  which  are  placed  near  that  datiliiig  s 
new.     It  is  impossiljlc  indeed  to  view  the  fjanu  ofoi 
lanipi  near  at  hand  without  sufiiring  excewivc  paixi,  i 
at  a  dittunce  it  is  always  hurtful  and  unjileafant  to  dae  Gfth 
'  It  is  well  known  how  much  we  are  dauLed  and  alnuMt  blitd 

on  ceniing  into  a  room  lighted  by  several  of  thcae  bnq 
burning  without  (huOcs,  and  plnced  so  low  that  the  eye  cm 
avoid  them.     . 

-^tniiiti  h-y      With  a  view  to  sofieio  the  lipht  of  these  lumps,  ^adaB  bl 

iBiiiilniiitpa-     ,  'If].--,! 

t^tghsii''.  *"*"  couirivcj,  lormed  ol  materials  whose  tninijiaiaicyjl 
more  or  leM  imperfect ;  for  instance,  large  cylinders,  orsj; 
of  crape,  gauie.  or  roughened  glass.  This  contrivance  ii 
useful,  am!  de«erves  to  be  more  generally  adopted  ;  it  ii 
of  so  great  importance  thst  we  cannot  take  too  much  pUM  tf 
unprove  it, tied  rccommeuAit  to  the  pubhc. 


\ 
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What  has  hindered  these  shades  from  bcin^  more  generally  xh.-  u^e  of 

)ved  is  probaUy  an  opinion,  ihat  they  must  nccessurily  f**^;^*^,**?*  *>««•'* 
■'  *  ^  ,  t_i  uu     li«"»ted  from  a 

Ron  a  great  loss  of  light.     I  hope  to  be  ublc  to  shew  that  notion  that 

opmion  is  Dot  well  founded .  ^^^  ^^^  1 

The  following  simple  experiment  was  made  some  years  ago» 
a  Tiew  to  determine  nearly  the  quantity  of  light  which  is 
Lin  puttng  through  a  roughened  glato. 

Two  wax  candles,  of  equal  si^e,  lighted,  and  burning  with  but  experiment 
same  degree  of  intensity,  were  placed  in  two  vertical  ^7"!**^^^^^'  1 
*    \  of  fine  glasBi  pretty  thin,  six  inches  in  diameter  and  sixiiitcrcepu  no 
in  height,  the  one  of  smooth  and  the  other  of  roughened  Jf^*^^****^ 
;  these  two  cylinders  being  placed  at  the  same  height,  on 
tables^  at  the  distance  of  eight  feet  from  each  other,  in  a 
lium  where  there  was  no  other  light  than  that  emitted  by  the 
^UidlsB,  I  presented  to  the  two  candles,  placed  in  their  cylinders « 
^iheet  of  white  paper,  at  the  distance  of  sixteen  feet  from  each 
-^dieni,  and  I  interposed  before  the  paper,  at  the  distance  of 

-  ^vo  jncbet  from  its  surface,  a  small  wooden  cylinder  in  a  \er- 

-  ilBil  position,  which  projected  two  shadows  on  the  paper. 

.  I  was  much  surprised  to  find  these  shadows  very  nearly  of  The  caufe  is 
Ac  Hune  intensity.     This  result  shewed  me  that  the  quantity '"*°^*^5 
cfEgfatlost  in  |>assiiig  through  a  roughened  glass  is  much  less 
Asa  I  at  first  supposed;  but,  on  reflection,  I  saw  that  there 
VM  nothing  in  the  result  of  the  experiment  which  did  not  ad- 
mit of  an  easy  explanation. 

Although  roughened  glass  appears  opaque,  ;t  is  by  no  means  for  the  minute 

■0.    In  the  operation  of  rousrhenins:  its  surface,  which  frora"^'\**^."^ 
•  .  ,.  00  ^  rough  ulass  art 

mog  smooth  becomes  furrowed,  and  broken  in  every  direction,  poh>hL-d. 
Jt  at  Jaft  presents  an  uninterrupted   collection  of   asperities 
•f  every  different  form.     Individually  they  are  almost  invisible 
•0  the  naked  eye,  on  account  of  their  Siuallr.ess  ;  their  sides 
•it  however  smooth  and  shining,  as  is  easy  to  perceive  on  ex- 
amining them  with  a  microscope.     Jt  is  evident  that  the  l>gi:t 
which  falls  upon  the  smooth  f  ui  \\\cz  of  one  of  these  little  pro- 
minent points  must  penetrate  the  glass  with  the  sime  ease 
(when  the  angle  of  incidence  is  the  sanne)  as  it  would  penetrate 
the  plane  surface  of  a  Lrge  polished  plate  of  the  same  sort  cf 
glass;    and  that  having  passed  throu-^h  the  surface,  the  ray 
must  pursue  its  course  in  the  substance  of  the  gliss,  and  pass 
out  on  the  other  side  in  the  same  manner  in  une  case  as  in  the 

other. 
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These  tmall  When  a  pencil  of  paralell  rays  falls  perpendicularly  upon  i 

■utfiGM  onlj  plate  of  well-polished  glass,  they  pass  through  the  glass  with<* 
dispeoe  the  ^^^  ^,  perceptible  change  of  direction ;  but  when  the  |)eiicil 
falls  upon  a  plate  of  roughened  glass,  the  rays  of  which  it  is 
cpmposcd  are  dispersed,  and  the  cylindrical  pencil  is  trans- 
formed into  a  cone.  The  ultimate  course  of  each  ray  depends 
on  the  refractions  that  it  has  undergone  in  entering  and  iKoiog 
out  of  the  glass,  and  these  refractions  are  determine<f  Iry  the 
angles  of  incidence,  and  tlie  respective  inclinations  of  the  re- 
'  •  fracting  surfaces  on  each  side  of  the  glass  at  the  point  where 

the  ray  enters  and  at  that  where  it  goes  out. 
A  cteir  glasf         If  the  flame  of  a  lamp  be  placed  in  the  center  of  a  globe  of 

globe  surround- g„g  gUss,  well  polished,  the  rays  issuing  from  it  will  travcTse 
ing  a  lamp  w,*'.  /.ii,  .1'         ,.  ... 

scarcely  «ccn ;    'Qc   Sides  ot  the  globe  without   undergomg  any  percepable 

if  the  glau  be   change,  either  in  their  intensity  or  their  direction  j  and  the 

emits  light        flame  will  be  seen  so  distinctly  through  the  globe  that  this  last 

from (Tfery  part,  might  even  escape  observation.     But  if,  instead  of  a  globe  of 

polished  glass  we  employ  a  globe  of  roughened  glass,  in  that 

case,  the  rays  emitted  by  the  flame  will  be  dispersed  by  the 

f^hss  in  such  a  manner  that  each  visible  point  of  the  surface  of 

the  globe  will  become  a  radiant  cone,  and  consequently  flie 

globe  will  appear  luminous,  diffusing  light  frora  its  surface  (n 

every  direction. 

Thr  light  is  From  this  explanation  of  the  phenomena  we  see  that  a  shade 

thus  softened     ^^  ^^^  ^^^^  roughened,  when  it  is  used  with  a  view  to  disperse 

lost,  and  sollen  the  too  vivid  light  of  a  lamp,  does  not  occasion  any 

considerable  loss  of  hght.  This  loss  would  even  be  imper- 
ceptible, or  not  greater  with  a  shade  of  roughenetl  glass  than 
with  one  of  the  same  kind  of  glass  polished  and  transparent, 
notwithstanding  the  great  dispersion  of  the  light,  were  it  not 
for  the  reflections  which  some  of  the  rays  suffer  before  tiiey 
quit  the  shade, 
by  internal  re-  It  is  well  known  tliat  wh^n  a  ray  of  light  falls  upon  a  po- 
flections.  lished  surface  of  glass   (or  other  substance),  at  a  very  small 

angle  of  incidence,  it  is  necessarily  reflected ;  and  as  the  sides 
of  the  asperities  of  the  roughened  glass  must  present  themselves 
to  the  rays  which  proceed  from  the  lamp  at  angles  of  all  pos- 
sible magnitudes,  there  must  necessarily  be  some  whose  incli- 
nation is  sufficient  to  reflect  some  of  t\it\  rays  that  fall  u|)On 
them  ;  and  as  that  may  occur  ut  both  surfaces  of  the  shade,  it 

•   • 


ON    ILLUMIN.i  riv;\. 


■  pos&ible  that  a  ray  may  be  obliged  to  ])ass  aiul  repass  In  tlie 
.  |bis  ftom  one  side  of  the  shade  to  the  other  several  times  be- 
fcre  it  be  able  to  escape  into  the  room. 

If  the  glass  were  perfectly  transparent,  the  light  would  be 
•.&tle,  or  perhaps  not  at  all  diminished  by  these  repeated  re- 
flfCtions  and  passages;  but  we  know  that  even  the  finest  gla» 
m  fciy  iar  from  being  perfectly  transparent. 

When  crape,  gauze,  or  other  substances  are  employed  toShadciofcnpc 
shades  for  the  purpose  of  masking  the  flame  of  a  lamp,  ?*"**»  **^Ji^u^ 


lk  loss  of  light  will  be  more  or  less  considerable  in  proportion  in  proport'ioa 
to  the  greater  or  less  degree  of  transparency  of  the  solid  parti  ****•"■ ''P****5 
.of  the  substance  employed.  But  without  engaging  in  the  very 
-ddicatc  enquiry  concerning  the  degree  of  transparence  of  the 
Moleciilet  or  small  solid  particles  of  the  substances  to  be  em- 
ployed in  making  shades,  we  may  determine,  by  simple  experi- 
ments, with  ease  and  even  precision,  what  are  the  substances  to 
be  preferred  for  that  purpose.  We  have  only  to  procure  shades 
of  the  same  form  and  size,  made  of  the  different  substances  to 
be  examined,  ami  to  compare  them,  by  pairs,  by  means  of  two 
vgand  lamps,  made  to  burn  with  the  same  degree  of  vivacity, 
and  of  a  simple  photometer,  which  can  be  constructed  at  a 
very  small  expcnce. 

The  photometer  which  I  used  in  my  experiments  on  the  The  loss  inaj 
comparative  quantities  of  lieht  produced  in  the  combustion  of  ^  ■•**rtained 
irax,  tallow,  and  difFcrcnt  kinds  of  oil,  and  of  the  same  kind  Q^^er 
of  oil  burned  in  an  argand  lamp  and  in  a  common  lamp,"*^ 
would  serve  perfectly  well  for  the  experiments  in  question' ; 
but  as  that  instrument  is  somewhat  complicated,  I  shall  pro- 
pose another  more  simple,  which  1  have  employed  since  with 
success.     Its  construction  is  as  follows : — 

In  the  miiidle  of  the  upper  surface  of  a  wooden  cube  of  8  ©r  by  a  simplei 
ochcs  in  diameter,  composed  of  boards,  covered  with  black  *"'*^'*?™*^"**^" 
paper,  there  is  fixed  vertically  a  small  board,  4  inches  in 
yreadth,  (>  inches  in  height,  and  half  an  inch  in  thickness, 
covered  on  one  side  with  white  paper.  In  the  middle  of  this 
vhite  side  there  is  traced,  with  pen  and  ink,  a  slender  black 
inc,  from  the  top  to  the  bottom,  which  divides  the  surface 
Ato  two  equal  parts. 

•  See  Phil.  Transact,  for  1794$   and  nay  Philosophical  Paper?, 
M.i.  page  270. 

Y.  /.  Before 
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Before  this  white  surface,  at  the  distance  of  2^  indui, 
placed  two  little  pillars  of  wood,  painted  black,  4  inches  in 
and  half  an  inch  in  dianrietcr.     Tliese  little  pillan,  whicb  ml 
cylindrical,  are  placed  at  the  distance  of  3 /^  inches  uni 
and  they  are  firmly  fixed  in  two  holes  formed  to  reeeiTc 
in  the  upper  surface  of  the  cube.     They  are  at  equal 
from  the  black  vertical  line  which  marks  the  middMht 
white  surface  of  the  photometer,  that  is  to  say,  at  the 
of  3  inches  ( English  measure)  from  that  Tcrtical  line, 
f ^hrjd  of  em-       This  little  instrument  is  employed  in  the  following 
..vinp  that      tiaving  placed,  in  a  dark  room.'thrce  little  tables,  at  the  m 
tance  of  7  or  8  feet  from  each  other,  so  as  to  occupy  die  dmfe^ 
angles  of  an  equilatcml  triangle,  the  photometer  is  placed  m 
one  of  these  tables,  and  the  two  lamps  upon  the  otber  IMS'* 
taking  care  that  the  flames  of  the  lamps  and  the  middle  of  tti 
white  surface  of  the  photometer  are  of  the  sanu  height|  or 
the  same  horizontal  plane. 

The  observer  bting  seated  before  the  photometer,  widi 
back  turned  towards  the  lamps,  he  presents  the  photomcler  t»^; 
the  two  lamps,  iii  such  a  manner  that  the  direct  rays  from  Acfr  i 
flames  fall  upon  the  white  surface  of  that  instrument  at  cqui  • 
angles  of  incidence,  or  in  such  a  direction  that  the  two  iatenul  • 
shadows  formed  by  the  two  pillars  may  touch  each  other  with- 
out being  blended  together,  at  the  black  vertical  line  in  the  middk 
of  that  face.  As  the  two  external  shadows  fall  wlthoot  die 
•surface  of  the  photometer,  they  are  of  course  not  seen. 

When  the  photometer  is  placed,  the  distances  of  the  lanpi 
are  verified,  and  brought  to  a  perfect  equality,  and  whenthH 
is  done,  the  lamps  are  made  to  burn  with  the  same  degree  of 
"\nvacity,  which  is  easily  done  by  ('lcN"iting  a  little  one  of  the 
wicks,  or  lowering  the  other:  this  must  be  performed  by  la 
assistant,  whilst  the  observer  keeps  his  eyes  constantly  fixed 
upon  the  shadows. 

The  equality  of  the  quantities  of  light  which  the  lamps  emit 
is  announced  by  the  perfect  equality  in  the  densities  of  the  two 
phadows  which  arc  formed  in  the  middle  of  the  white  fiioeof 
the  photometer.  This  is  evident,  because  each  shadow  being 
enlightened  by  the  direct  rays  of  the  opposite  lamp,  if  one  of 
(he  lamps  gives  more  Ught  than  the  other,  the  shadow  which  it 
enlightens    must  of  course   be   mcr?  enlightened,  and  coi- 

tequendj 
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'wqaendj  len  dark  than  that   enlightened    by  tiie  weake^ 
Ump. 

If,  instead  of  establishing  an  equality  in  the  quantity  of  light 
emitted  by  the  two  lamps,  we  would  ascertain  the  relative 
quantities  of  light  that  they  emit  when  their  flames  are  unequal, 
they  must  be  placed  on  two  tables  before  the  photometer,  and 
acfter  having  brought  the  shadows  into  co^^act  with  each  other, 
we  must  remove  the  stronger  lamp  until  the  intensity  of  its 
light  at  the  vertical  field  of  the  photometer  be  diminished  by 
the  increase  of  its  distance,  till  a  perfect  equality  is  established 
between  the  densities  of  the  two  shadows ;  and  then  we  mea- 
sure exactly  the  distance  of  each  lamp  from  the  photometer.-— 
Tht  squares  of  the  distances  will  be  as  the  quantities  of  light 
emitted  by  the  krnpf. 

In  order  to  exclude  the  light  reflected  from  the  sides  of  the 
room  and  other  surrounding  bodies,  with  a  view  to  render  the 
shadows  more  distinct,  and  their  comparison  more  easy,  the 
photometer  may  be  placed  in  a  quadranguUr  box,  open  in  the 
front,  forming  a  kind  of  centry-box,  1 5  or  lo  inches  in  height 
and  10  or  12  inches  in  width  and  depth,  constructed  of  boards, 
or  even  of  pasteboard^  and  lined  within  and  without  with  black 
paper. 

The  experiments  are  simple  and  easy  that  may  be  made  Valatble  re^ 

with  this  little  apparatus  for  dctcrminins:  the  different  substances  •"**•  ""^T  ^ . 
,  ,  ,        .  .  .  ,     ,  ...     naa  by  exp«n-. 

that  may  be  employed  in  constructmg  shades  to  soften  the  menu  upoa 

light  of  lamps ;  and  as  this  enquiry  must  lead  to  very  important  ****<'««• 

improvements,  both  with  respect  to  economy  and  to  elegance 

and  comfort,  I  recommend  these  researches  to  all  those  who 

are  occupied  in  the  improvement  of  lamps.  These  experimenjts 

may  be  made  in  the  following  way  :— 

Having  prepared  two  shades,  of  the  same  form  and  dimen-  Instructions  r«c 

•Ions,  that  are  to  be  compared  tofrcthcr,  we  must  bejjin  by  '"^I'^'IK  *"c^ 
,  .  ?  expcrinietits. 

placing  the  two  lamps  at  the  same  distance  in  front  of  the  ph6« 

toraeter,  and  causing  them  to  burn  v/ith  the  same  degree  of 

brightness,  and  then  masking  the  flames  of  the  ]amp:i  by  the 

two  shades,  we  must  examine  anew  the  shadows.      If  these 

shadows  are  of  equal  densities,  we  may  conclude  that  the  two 

«hades  emit  equal  quantities  of  light;    if  the  densities  of  the 

shadows  are  ditlercnt,  then  the  shade  that  enlightens  the  shadow 

which  is  the  least  <^ei:sc  is  that  which  emits  the  most  light ; 

and 
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and  in  order  to  determine  with  precision  the  rdatiTe  quantities 
of  light  emitted  by  the  two  shades,  we  must  remove  the  lamp 
which  bears  the  shade  that  emits  the  most  light  until  the  equa- 
lity of  the  shadows  be  re-established,  and  then,  measuring  the 
distances  of  the  lamps  from  the  photometer,  the  quantities  of 
light  will  be  as  the  squares  of  these  distances. 

If  we  wish  to  know  how  much  light  is  absorbed  and  lo^tia 
employing  any  given  shade,  we  must  operate  in  the  fbllowing 
manner : — Having  placed  the  two  lamps,  without  their  ihadet, 
at  equal  distances  in  front  of  the  photometer,  and  having  equa- 
lised the  flames  of  the  lamps  in  the  manner  already  described^ 
we  place  the  shade  that  is  to  be  tried  upon  one  of  the  lamps, 
and  the  equality  of  the  shadows  is  instantly  destroyed.      la 
order  to  re-establish  this  equality,  wc  remove  the  lamp  that  b 
>¥ithout  a  shade,  and  when  it  re-established  we  measure  the 
distances  of  the  two  lamps  from  the  photometer.  The  quantity 
of  light  emitted  by  one  of  these  lainj)s  without  a  shade  is  to 
that  emitted  by  the  same  lamp  with  the  shade,  as  the  square  of 
the  distance  of  {he  lamp  that  burns  without  a  shade  is  to  the 
square  of  the  distance  of  that  masked  by  the  shade. 
Thi^  power  of        The  object  in  view  in  using  a  shade  being  to  disperse  At 
a  Shane  to         ravs  of  a  too  dazzlinfj  flame,  without  destroying  them,  it  k 
j>ty»e  iif^t/aiirl  evident  that  the  less  the  flame  of  a  lamp  is  apparent  through  the 
ihM  of  inter-     ^j^j^  ^f    shade,  the  quantity  of  lidit  emitted  being  the  same,  the 
aru  chfforeiit       better  It  wul  answer  its  purpose,     liut  as  we  always  see,  more 
*^uaUiicfc.  Qf  jpgg  distinctly,  the  brilliant  flame  of  an  argand's  lamp  through 

the  shade  which  masks  it,  it  is  evident  that  a  considerable  part 
,of  the  light  emitted  by  a  lamp  thus  masked  does  not  proceed 
fronj  the  shade,  but,  jxissing  directly  through  the  sides  of  the    { 
shade,  it  comes  from  the  flime  in  straiglit  lines. 

Jt  is  light,  coming  from  the  flame  to  the  eyes  in  straight 
lines,  which  a  shade  is  destined  to  disperse  and  to  soften  ;  and 
as  it  is  certain  that  two  shades  of  ditFcrent  materials  may  have 
an  equal  power  in  softening  the  direct  rays  of  the  flame  of  i 
limp,  and  that  r.evcrthclcss  the  total  quantities  of  light  that 
they  emit  may  be  very  difl'ercnt,  it  is  necessary  to  pay  attention 
to  this  remarkable  circumstance  in  the  choice  of  shades. 

The  shades  to  he  co]Tij)ared  should  therefore  be  examined, 
first  in  regard  to  their  power  of  masking  and  softening  the 
direct  rays  of  the  fljme  of  a  lamp,  and  afterwards  in  reg^  to 

tbc 
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the  quantity  of  light  that  thej  distribute  in  a  room.  The  first 
point  seems  susceptible  of  being  pretty  well  determined  by  the 
rimple  inspection ;  but  if  we  would  employ  more  precision, 
wc  may  make  use  of  the  following  method : — 

flaying  placed,  at  equal  distances,  two  lamps  burning  with  ii^structior^  Cat 
the  same  degree  of  vivacity,  in  front  of  the  photometer,  wew-crtainiupthe 
mask  them  with  the  two  shades  (made  of  different  materials],  Lrsini;  or  ^' 
which  axe  to  be  compared,  and  we  place  between  each  shade  !»>t'tcn:i:^  tb^ 
and  the  photometer,  at  the  distance  of  about  an  inch  from  the  '^"  ' 
shade,  a  disk  of  thick  pasteboard,  perforated  in  the  middle  by 
a  circular  hole,  one  inch  in  diameter.    The  diameter  of  this 
disk  must  be  sufficiently  large  to  mask  completely  the  shade,- 
and  the  center  of  the  circular  hole  must  be  in  a  straight  line 
drawn  from  the  centre  of  the  flame  to  the  center  of  the  vertical 
face  of  the  photometer. 

We  see  that,  in  this  state  of  things,  it  is  almost  solely  the 
direct  rays  coming  from  the  flames  of  the  lamps  in  straight 
lines  through  the  substance  of  the  shades  that  fall  upon  the 
photometer;  and  that,  on  measuring  the  relative  intensities  of 
these  rays  on  each  side,  by  means  of  the  shadows  and  the  disv 
tances,  we  can  determine  not  only  which  of  the  shades  fulfils 
best  its  principal  object,  that  of  preserving  the  eyes,  but. 
likewise  the  proportion  in  which  one  of  the  flames  is 
more  sof^ed  than  the  other.  We  may  also  determine,  by  an^^jf-p^^ 
easy  experiments  and  calcubtions,  the  proportion  which  exists,  ^^^7  il'ii:in'»- 
in  any  given  case,  between  the  quantity  of  light  that  passes  "^^'"^* 
directly  from  the  flame  in  straight  lines  through  the  sides  of  the 
shade,  and  that  which  is  dispersed  by  the  shade  and  appears  to 
issue  from  the  shade  itself.  It  would  be  too  long  to  describe 
in  this  place  all  these  experiments,  and  several  others  that 
might  be  made  with  the  photometer,  to  complete  the  researches 
necessary  for  the  improvement  of  lamps  ;  but  these  details  arc 
the  less  necessary,  as  the  experiments  will  not  fail  to  present 
themselves  to  those  who  shall  have  mudc  some  progress  in 
these  enquiries. 

I  shall  finish  my  obscrva  ions  upon  shades  for  lamps  by  Cone  mini^the 
some  remarks  on  the  size  thnt  may  be  given  to  them.     And  •^''^  ^^  ihitda. 
first,  it  is  evident  that  the  diameter  of  ,i  shade  should  be  greater 
in  proportion  as  the  flame  which  it  is  intended  to  mask  is 
greater  and  more  bright;    for  if  a  shaue  be  small,  the  light 
■   '  which 
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vrhicli  it  emiu  may  be  sufficiently  itrong  to  l»«rt  the  ey< 

especially  when  viewed  at  a  small  distance* 

The  size  and  intensity  of  the  flame  being  the  same,  die 

tensity  of  the  light  emitted  by  the  surfi&ce  of  a  shade  that] 

it  will  he  as  that  surface,  and  consequently  as  the  squi|c  ofj 

diameter  of  the  shade  inversely. 
The  liig«r  the       If  the  intensity  of  the  light  emitted  by  a  shade  (bar  ii 
fu!l^n^s/iTilP"  diameter  be  equal  to  four,  it  will  be  reduced  to 
apiMArwhen     doubling:  the  diameter  of  the  shade,  and  that  withovt 
looked  at.         change  in  the  total  quantity  of  light  which  is  diffused  m 

room.     Thb  shews  the  advant<is:e  to  the  eyes  that  will  lari 

ffom  the  use  of  sha^les  of  large  dimenuons. 
^ma!T  ithtdes         "^^e  small  s^>herical  shades  of  roughened  glass  whidiifie 
Appcaj  uazilir.f.  sometimes  employed  for  lamps,  have  been  found  to  emit  a 

light  too  dazzling  to  the  eyes.     In  order  to  remedj  diii  |hi  1 

convenience,  all  that  is  necessary  is  to  nuike  the  shade  laipr. 

If  these  globes  are  more  dazzling  than  globes  of  cnpe  ot 
•  gauze  of  the  same  dimensions,  that  circumstance  proicsaa' 

more  than  that  roughened  glass  absorbs  less  light  than  dM,  i 

%ilk  stuff's  do ;  and  from  this  we  may  conclude  that  the  sofii* 

parts  of  silk  are  less  transparent  than  those  of  glass,  and  coo«. 

sequendy  that  this  substance  is  less  fit  to  be  used  in  makiiig. 

shades  for  lamps  than  glass. 
Great  advan-  I  will  just  mention  here  a  circumstance  respecting  roagfaeoed 

f age  of  gla«ing  glass,  which  although  not  immediately  connected  with  the 
rougheued  glass  subject  of  this  paper,  ap|)ears  nevertheless  sufficiently  impoit« 

when  the  ilUi-    jj^^  jq  deserve  attention.     It  often  happens,  in  great  tdwni, 
mmaiiontfvery  i        ,•   ,       i  T      •  •         i_        ■ 

obliquely  re-     that  a  room  lias  no  other  light  tlian  what  it  receives  by  win- 

ccivcd,  as  in      dows  wliich   look    into  a  small   court,    surrounded  on  dl 
if^,    '  sides  by  high  buildings:  in  these  cases  the  room  would  be 

more  copiously  and  belter  lighted  by  panes  of  roughened 
glass  than  by  transparent  panes.  The  mys  of  day-ligh^ 
which  descend  almost  perpendicularly  from  above  into  the 
cd^it,  fail  iipor.  the  panes  at  so  small  an  angle  of  incidence 
that,  when  the  exterior  surface  of  the  g1a.«s  is  polished,  they  are 
in  great  jMirt  thrown  off  by  reflection,  and  do  not  get  into  the 
room;  and  even  tiiosc  which,  not  being  reflected,  pass  through 
the  pane,  as  they  fall  cUrcciIy  upon  the  floor,  where  they  are 
almost  all  absorbed,  tiic  objects  in  the  rc>om  are  very  Iitt!e  en- 
lightened ;  but  when  the  pane  is  roughened,  the  asperities  of 

the 
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t  g^an  preKDtfrg  to  the  descending  njt  furfkces  less  ii^ :  ■• .  .  ^ 
Mctl,  fiK^re  of  ffae  Twy$  enter  the  ghss*  utid  passing  thfX>agh  Sfi  '  \  ^ 
prwatds  !•  vnrioai  directions,  light  is  difFused  in  all  the  parte 
lllte  room.  'Aod  it  is  not  solely  for  windows  wKii!h  look 
M  Miwn  courts  that  it  is  useful  to  emploj  rpnghened  ghAf^     ^ 

i%j  be  used  with  much  advantage  in  all  cases  where  wi^ 
look  asnainst  a  high  wall,  at  a  small  distance,  and 
ciaDy  if  the  wall  be  of  a  dark  colour.     But  to  return  to 
^j^lRnijcct. 

^Without  enlarging  farther  at  this  time  on  the  constructioo  Accoual  of  tha 
if  i^liito  We  used  for  masking  and  5orteoing  the  too  dazzUng  '^b^F* 
4|Mne  of  lamps,  I  shall  giTc  an  account  of  the  new  lamp  which 
I  have  btely  cause<l  to  be  constructed,  and  which  1  have  the 
%HKHif  of  presenting  to  this  learned  society. 
I-  TVs  JaiBp,  which  is  destined  to  be  suspended  in  the  middlb 
iif  a  mom,  was  particularly  intended  to  light  a  dining-rooni, 
4il  it  imy  likewise  serve  to  light  a  drawing-room,  or  a  billiard- 
*lWi.  -  The  following  are  the  details  of  its  construction  : — 
1^  A  follow  hoop  of  tin,  painted  white,  IS/^  English  inches 
iidbroeier  within,  \6  inches  in  diameter  without,  and  /^  of 
Ittiadi  deep,  cuipcnded  in  a  horizontal  position,  serves  as  a 
itKnroir  for  the  oil.  In  the  centre  of  this  circuhr  reser? oxr  there 
Mlhiee  cylinders,  or  beaks,  which  inclose  three  circular  wicks 
^  the  usual  form  and  size.    These  three  vertical  cylinders, 
trhieb  touch  each  other,  are  soldered  together,  and  connected 
with  the  reservoir  by  means  of  three  oblique  tubes  -^  of  an 
bicli  sqimre,  through  wliich  the  oil  flows  to  the  wicks  from 
be  lewrmir. 

la  order  to  catch  the  oil  which  occasionally  drops  from 
tkfcc  cylinders,  there  is  a  cup,  made  of  tin  44-  inches  in 
above  at  its  opening,  and  I  inch  in  depth  in  the 
Biiddle,  which  is  placed  at  the  distance  of  \  of  an  inch  under 
ibt  lower  ends  of  the  three  cylinders. 

Each  of  these  cylinders  is  tiiinishrd  with  a  chimney,  or  tube 
•f  glass,  and  they  may  be  liglilcd  either  all  three  together,  or 
two,  or  one  only,  according  to  the  quantity  of  li^ht  that  is 
inuiCed. 

This  lamp  is  suspended  by  means  of  a  hoop  of  brass,  gilt, 
l£|^  inches  in  diameter  aiul  1-^  inch  wide,  having  a  little 
horizontal  projection  at  its  lower  e4l<;e,  Internatfy,  on'  whicb 
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PMuliniom  ci  Ji^^  cireuUr  reserroir  of  the  lamp  rests* .  ToAk  Viuf  boop.ae 
a  lamp  bf       jfixcd  three  arrows,  nf  gilt  brass,  at  eqnfll  distanco  fiom  oKh 

ML  *  ^''"*    '^'^*^*    '^^*^  arrows,  which  are  6  iodiei  in  lenf^md  .V^ 
;j|p  inch  in  diameter,  are  in  a  hoiiiontd  poiitiont  on  the  putv 
»     jSide  of  the  hoop,  and  in  the  direction  Qf  three  radii  cM^wn  fiom 
4lf  centre. 

'     To  these  three  arrows,  at  the  distance  of  $  incfaet  from  the 
Jifljop,  are  fastened  the  ends  of  three  chains  of  gilt  copper,  each 
of  S8  inches  in  length,  bjr  which  the  hoop  that  receives  the 
......    .  ^mp  is  suspended. 

^  .  These  arrows  serve  the  purpose  of  separating  the  chuaa  finom 

each  other,  in  order  that  the  lamp  may  be  removed  occasion- 
ally, and  replaced,  without  deranging  the  chains. 

For  a  lamp  with  four  wicks,  which  serves  to  light  a  krfe 
^drawing-room,  the  gilded  hoop  that  receives  the  lamp  basiis 
arrows,  Ip  which  are  attsched  six  chains ;  but  in  order  toic 
.ftble  to  remove  and  replace  the  lamp,  there  is  one  of  the  chains 
which,  being  attached  to  its  arrow  by  a  small  hook*  it  it  de- 
.tached  occasionally  and  laid  aside,  in  order  to  allow  a  paaage 
ibr  the  lamp. 

The  gilded  hoop  which  recaves  the  lamp  it  ornamented 
.with  pendants  of  cristal;  and  from  the  lower  edge  of  the  hoop, 
immediately  behind  the  crbtal  ornaments,  there  detcends  a 
hoop  of  white  crape,  of  the  same  Jiaineter  as  the  hoop  of  brasn^ 
and  4|  inches  in  breadth,  which  serves  to  disperse  and  aofiea 
the  direct  rays  of  the  flames  of  the  lamp. 

To  reflect  a  part  of  the  rays  that  mount  towards  the  cdling, 
in  order  to  destroy  the  shadows  that  might  be  formed  under 
the  lamp,  there  is  a  conical  reflector  of  white  crape,  which, 
resting  on  the  three  tubes  that  conduct  the  oil  from  the  rcsei^ 
voir  to  the  wicks,  surrounds  and  conceals  tlie  tubes  of  glass  that 
.contain  the  flames. 

This  reflector  is  12^  inches  in  diameter  below,  S^  inches  in 
diameter  at  its  opening  above,  and  6  inches  high. 

The  chief  difficulty  to  b^  overcome  in  the  construction  of 
this  laAnp  was  to  contain  the  oil  in  the  reservoir  in  such  a  man- 
ner that  it  should  not  be  in  danger  of  being  spilled  in  taking 
the  hxtjp  out  of -the  fmop,  in  which  it  is  suspeniled,  in  carrying 
if^om  one  plaoe  to  another,  and  in  rej^acing  it.  Several  al» 
tempts  had  ilrcady  been  made,  by  dificrent  persons,  to  oq»- 

^trlM:t 
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«hiiet  M^wnded  hm^  wkh  circolar  horiiontd  ivtenroin,  Init  DmcfipHinn^' 

none  of  them  had  been  attended  with  kucccm.     That  wluch  1 1^°^^^.   * 
.     .      ....  .  ■  Ccnitti  %him  -' 

«ow  propcMrit  ample  in  itacboitrtfctiOQ,  and  appears  to  inef^M4.      ^  A 

%o  aofwer  perfrcilf  well. 

'    This  reservoir  is  closed  abore,  so  as  to  form  a  hollow  hoop»  . 

and  it  has  three  openings  on  its  upper  surface,  equidistuH 

€fom  each  other.     These  openings,  which  s^pre  for  pouring 

the  oil  into  the  reservoir,  have  each  -^  of  an  inch  in  diameter, 

and  are  hermetically  closed  by  three  stoppers  of  brass,  ground 

with  emery.     In  the  axis  of  each  of  these  stoppere  there  is  1^ 

■mall  hole,  ^  of  an  inch  in  diameter,  which  is  occaslqnaUf 

dosed  by  a  small  screw  furnished  with  a  collar  of  leather.      • ' 

When  the  resenroir  is  filled  with  oil,  the  three  stoppers  art 
put  in  their  places,  and  file  small  holes  are  then  closed  bj 
means  of  the  three  screws.  In  this  state  of  things,  as  the  wit 
cannot  enter  into  the  reservcnr  by  the  opening  at  its  uppet 
aarface,  the  lamp  may  be  transported,  and  even  inclined  oon^ 
nderably,  without  any  danger  of  spilling  the  oil.  As  soon  at 
the  lamp  is  placed  in  its  hoop  (where  care  is  taken  to  suspend 
it  in  a  horiiontal  position),  the  communication  must  be  opened 
between  the  air  of  die  atmosphere  and  the  upper  sur&ce  of  the 
oil  in  the  reservoir,  which  is  done  by  unscrewing  a  (kw  turns 
the  small  screws  which  are  in  the  axis  of  the  stoppers.  Th% 
oil  then  resumes  its  natunil  level,  and  afterwards  passes  fraely 
into  the  cylinders  ibat  contain  the  wicks  in  order  to  fc^  the 
flames. 

That  it  may  not  be  necessary  to  take  out  the  screw  entirely 
when  a  passage  for  the  air  is  opened  by  means  of  the  vertical 
holes  in  the  axis  of  the  stoppers,  these  screws,  which  are  half 
ail  inch  in  length,  are  not  complete,  being  reduced  on  one  side 
to  the  half  of  their  diameteri,  in  their  whole  length,  except 
about  -f\  of  an  inch  at  the  top  near  the  collar  of  leather. 

When  the  screw  is  unscrewed  two  turns,  the  part  of  the 
screw  that  still  remains  in  the  hole  not  being  entire,  a  free 
passage  is  necessarily  opened  into  the  interior  of  the  reservoir. 

It  would  be  possible  to  fill  the  reservoir  of  this  lamp  by  one 
opening  only,  which  would  require  only  one  stopper  and  one 
screw ;  but  I  have  found  by  experience  that  it  is  inconvenient, 
and  that  it  is  much  better  to  fill  the  reservoir  by  three  holes, 
in  tiie  maooer  above  described ;    for  in  that  case  the  ais  gets 
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of  eot  of  tht-  Kfti-mj  «»»ily,  and  Hit  aB  cfttei  wiiiMfft  aly 

W)iea  this  lamp  is  filled  with  oil  the  rtsemoi?  mM  hi  finaly 
placed  in  a  horizontal  situation,  upon  a  staadvitdcoi]  pvrpoic 
Ui  support  it  during  the  operatioa;  aAd  the  three  ttoppers  must 
•be  Uken  out ;  the  reaervoir  being  f31ed^  care  ir  taken,  to  ne^ 
iil^ce  the  stoppers,  and  to.doae  the  little  holes  by  the  tarewi 
Befere  it  is  taken  frotn  its  stand. 

These  little  holes  must  not  be  o^icncd  till  the  lamp  ia  sn»» 
])a)d<d  in  its  place  in  the  ^ilt  hoop,  and  at  rest ;  and  attentkm 
fhould  always  be  |iaid  to  close  them  before  Hftiifg  the  lamp  to 
take  it  from  its  hoop.  These  precautions  are  absolutely  Leces* 
aary  in  order  to  avoid  the  risk  of  spilling  the  oil. 

When  this  lamp  is  sus{)en0.cd  at  a  proper  elevation  above 
fb^  middle  of  a  round  table,  large  enough  for  placing  con* 
^niently  ten  or  twelve  persons,  in  a  room  24  feet  long,  by  SO 
fact  wide,  and  15  high,  not  only  the  table,  but  likewise  the 
pvhole  wt^m  is  completely  lighted,  without  the  least  visible 
ahsBdow  being  produced  in  any  part,  and  without  any  p6ioa 
;it  table,  or  in  the  other  |>arts  of  the  room,  being  incommoded 
j)y  tlie  direct  rays  from  the  three  flames  wbich  are  united  at 
Abe  centre  of  the  lamp.  The  diameter  of  the  hoop  of  crape 
4irhich  inaaks  these  flames  is  so  great  that  ihe  light  which  it 
amitf  from  its  surface  is  very  sof^,  although  it  receives  the 
direct  mys  of  the  three  flames. 

As  the  light  which  this  lamp  diffuses  in  a  room  proceed 
ffom  one  single  source,  the  shadows  of  the  enlightened  ob- 
jects are  of  course  simple,  and  well  defined,  a  circumstance 
which  certainly  contributes  much  to  the  case  with  which  wc 
distinguish  objects,  as  well  as  to  the  pleasantness  of  the  illumi* 
pation,  and  the  preservation  of  the  eyes. 

In  prtler  to  light  the  talilc  of  a  dining-room  or  study,  of  I 
.or  6  feet  in  diameter,  a  smull  lamp  with  one  wick  will  be  suf* 
iicicpt,  and  instead  of  suspending  it  from  the  cielLng,  it  may 
|>c  placecl  on  a  pedestal^  at  tlie  height  of  1 2  or  1 5  inches  above 
.the  table.  For  a  lamp  with  one  wick,  intended  to  bum  S  or 
.10  houjs,  the  circular  rcKirvoir  for  the  oil  may  be  made  6 
inches  ip  diameter  within,  1  inch  wide,  and  W  of  an  inch  deep. 
'iht  conicul  reflector  of  crape,  or  roughened  glass,  for  thii 
. Vimp  j^lif^uJd  tc.8  inciter  in  diaiutter  below,  %  inchca  in  dia- 
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«eler  «t  ti^  ^(fpstft  iti  optoiogv  Md  5  til«hc»  iii  hdgtit.    The  Dcscr'ption  of 
hoop  of  crape  wbifih  •tinQUiidt  the  lamp  iihould  be  8  inches' ^^"*r»^f 
^'diam^txT  ap«i  $i  inches  in  breadths     If  it  be  desired  to  have  ford. 
more  light'upon  the  table,  and  less  in  the  room,  the  conical  re- 
flector which  covers  the  lamp  above  may  be  made  of  a  thicker 
^tnflff  or  even  of  tia,  painted  white  wichioy  and  painted  and 
varnished  without. 

To  light  a  large  drawing-room*  or  dining-room,  a  suspended 
lamp  with  six  wicks  may  be  used,  with  a  reservoir  of  oil  18 
inches  in  diameter  within,  2^-  inches  in  breadth p  and  W.of  ^^ 
io^h^n  depth,  surrounded  by  a  hoop  of  crape  6  inches  broad. 

Sotli  a  lamp,  hung  at  the  height  of  8  or  9  feet  in  the  middle 
of  a  large  room^  would  be  found  to  diftVuc  a  very  gentle  and 
agreeable  light. 

It  Is  almost  superfluous  to  observe,  that  the  general  form  of 
this  lamp  is  simple  and  elegant;  and  that  it  is  susceptible  of 
being  easily  ornamented,  a  circumstance  which  is  of  real  im- 
portance  in  tliis  age  of  refinement,  and  even  in  every  age  in 
which  the  sentiment  of  beauty  has  any  inflacncc  on  the  nian* 
ners  and  happiness  of  mankind* 

N.B.  The  openings  of  the  tubes  above,  which  contain  the 
wicks,  are  situated  one  quarter  of  an  inch  above  the  level  of 
the  oil  in  the  reservoir,  when  the  reservoir  it  full. 

PLATBI.  '  '" 

Fig.  1.^ — ^Horizontal  projection* 
^.  Hoop  that  serves  for  reservoir  of  o'l). 
«*.  Tubes  that  convey  the  oil  from  the  reservoir  to  the 

cylinders. 
J\  Cylinders. 

a.  Brass  stoppers,  with  their  screws. 
jp.  Brass  hoop  which  serves  to  receive  the  lam{>» 
//•  Arrows  attached  to  the  brass  hoop:  tp  these  Arrows 

the  chains  are  fixed. 

Fig.  2, — Vertical  projection. 
V.  Hollowhoopthat  serves  for  reservoir  of  oil. 
f .  Tubes  that  convey  the  oil  from  the  reservoir  to  the 

cviinders. 
y\  Cylinders,  with  tlicir  chimneys* 
0m  Brass  Stoppers,  with  their  screws. 
•^  -    •  g*  Brass 
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^. '  Brass  hcop  which  serves  to  recem'the  lamp.  ' 

A.  An  owe  attached  to  the  bnm  hoop. 

f.   Cup  that  recieives  the  oil  whith  mtj  faSL  from  thl 

cvlindrrs.  - 

^.  Cnhtal  pendants  attached  to  the  brass  hoop. 
/.   Hoop  of  white  crape  attached  to  the  lo>«rer  edgt  of  the 

hfdss  hoop  immediately  hehind  the  pendints. 
M.  Reflector  oi' white  crape,  which  rests  on  the  tubes^e. 

Fig.  3. — On  a  larger  scale. 
9.  Section  of  the  brass  stopper  with  the  small  screw  in  its 
axis :  the  screw  is  irpresented  as  open  to^g^ 
mission  to  the  air  into  the  reserroir. 
.    ^.  Collar  of  feather  which,  when  the  arrew  xs  closed, 
]>resse3  upon  c,  and  excludes  the  air  of  the  atmospBSlte 
from  the  reservoir. 
tf.  Sf^ion  of  a  part  of  the  hollow  hoop  which  serves  as 
/a  rcacrvoir  ihr  the  oil. 
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fccis  (otsardt  a  Hisiery  qfTsHm     fy  Profegsor  Feoust.* 

_l^  Tin  and  Murtaie  of  Ammonia, 

Fac*s«lab>     -^  ^^  muriate  when  heated  with  granulated  tin  yielded  the 
following  result^  i'^ 

When  the  heat  is  on  the  point  of  evaporating  the  muriate, 
the  tin  acts,  \ipon  the  water  of  this  salt,  and  decom]K)ses  it. 
ITte  mrtal  seizes  its  oxigcn,  and  causes  a  discngaj;cment  of 
inHamirable  gas.  One  hundred  ounces  of  muriate  atibrd  fron» 
eleven  totwdvc  inches  of  gas.:  tbey  may  perhaps;  afford  more; 
b»it  the  retort  gcncr;;lly  buries  befurt:  tiie  op.-nition  is  com- 
pleted*    This  hydrogen  has  noihing  in  it  reumrkablc. 

At  the  c!ose  of  the  operation,  a  saline  mass  is  found,  coTrt- 
posed  of  muiiatcs  o(  tm  and  ammonia,  and  of  the  ^unuliifrd 
tin.  The  ojcicJe  of  this  muriate  is  only  at  the  miuimana;  for 
it  gives  a  purple  colour  with  gold,  and  Mark  witJi  hydro- 
sulphurated  water,  Src.  If  tin  be  nv:rely  boiled  in  a  solution 
01  s(k1  ammoniac,  a  con!«ir!erab!e  portioM  will  be  dissolved. 

•  jcurnaldt  J'hj -in-jc,  vol.  i-ij.  p- ji4(* 
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*  7f  «  mixtare  of  tin,  m  imrhonitc,  knd  lulphar  he  heatcti  ^ j^  ^^^  j,, 
together,  it  hap{>eh8  at  the  moment  the  latter  is  ilcco4npo«*?a  com^unck. 
^at  tkc  muriate  of  tin,  whicb  it  formed,  9titc9  part  of  its 
ioxide,  and  transformt  it  iiito  mosaic  gold.  But  as  the  am« 
mdniac,  in  pooportion  as  it  it  set  at  liberty,  Kiturates  the  new 
products,  and  dis<p]ise8  the  results,  we  shall  resume  this  cx- 
peripUnt  in  a  different  manner. 

Muriate  of  Tin  and  Sulphur. 

The  muriate  if  first  to  be  concentrated  to  th<!  minimtiu, 
.eren  till  it  congeals.  The  aqueous  product  of  this  by  ilisuU 
laiion  contains  muriate  at  the  maximum.  This  happens  be* 
cause  the  latter  it  more  volatile  than  the  muriate  at  the  mini- 
mum. Distillation  is  therefore  a  mean  whereby  the  minor 
•muriate  may  be  purified  from  that  whose  oxidation  has  btrn 
increased  by  the  atmosphere.  The  minor  muriate  is  also 
volatile ;  but  it  requires  a  much  higher  temperature  than  the 
other :  thb  is  demonstrable  by  the  process  for  making  the 
fuming  liquor.  The  muriate  at  the  maximum  is  rai'-^i!  by 
a  very  gentle  heat ;  whilst  the  muriate  at  a  minimum  re- 
-naint  in  the  retort :  this  is  their  ditfercnce. 

Flowers  of  Sulphur  are  next  to  be  cast  into  the  congealed 
muriate,  and  heat  gradually  applied,  in  a  few  seconds  vola- 
tile fuming  muriate  will  pass  over  in  considerable  qu-intity* 
The  exceu  of  sulphur  will  fix  about  the  neck  of  the  retort, 
and  at  the  bottom  will  appear  a  light  mass  of  brilliant  mosaic 
|rold,  and  part  spangle  the  dome  of  the  v^|iel  with  gold- 
'  cok>ured  flowers. 

On  an  attentive  examination  of  these  produots,  it  will  b: 
discovered,— 

1,  1'hat  the  muriate  of  tin  is  divided  into  two  parts. 

2,  That  one  of  these  is  deprived  of  all  its  acid  in  favour  of 
the  other. 

3,  That  it  also  part»  with  some  of  its  oxigen,  which  raisw 
the  other  to  the  quality  of  fuming  volatile  muriutr. 

4,  That  tin  oxided  to  the  minimum,  combines  with  sulphur 
only  in  proportion  to  a  certain  rcdtKtion,  which  tiVcs 
place  in  the  quantity  of  its  oxigen  :  this  rcc^iction  muy  hc^cc- 
forth  be  considered  as  subject  to  a  fixed  Jfjnse,  in  commofi 

with 
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FacH  and  ob-    ^^'^  ^^  ^^^^  which  tft  fctCRBiaed  hjf  Ac  tffinitici  in 
gerYatiQiv  on     The  proof  of  thif  m%j  be  obierfiBcl  in  tiic  CQiulut 

^m'^ouadi.      ^^  °^^»^^  o^'ld :   it  eihibiu  a  cr}<staUiftible  mlatUe 

nation,  as  invariable  in  the  whole  of  ia  efaaraclen  aa  ciiiit||^! 
js,  whatever  may  be  the  prooeis  from  which  it  is  obtaianL   ^ 

The  following  experiraeot  ofl&n  a  second  proof  x>f  the,4^ 
minution  of  oxidation,  which  takes  place  in  the  oxide  at  Ihc 
minimum,  before  the  production  of  mosaic  gold :— • 

Yidy  parts  of  sulphur  and  one  hundred  of  the  srrry  ouSe^ 
or  oxide  at  a  minimum,  deprived  of  water  by  a  slight  cdd» 
nation,  were  heated  in  a  defective  retort,  A  momcDt  niicd 
at  which  the  mixture,  though  still  at  a  very  low  tempmmc^ 
entered  into  incandescence,  and  suddenly  presented  tbilpbe^ 
nomcnon  of  ignition  which  is  common  to  most  metab  vhn 
they  combine  with  sulphur,  ■  After  this  appearanGC,  thchcst 
was  miscd  till  the  mixture  was  faintly  ignited,  and  it  wa  go» 
tinucd  till  all  the  excess  of  sulphur  was  condensed  in  the  neck 
of  the  retort.  When  cold,  it  was  weiorhed,  and  was  tonadis 
have  lost  8  or  9  parts  of  its  weight.  The  -mosaic  gold  fi^  s 
maining  in  the  vessel  weighed  120  or  ICl  parts. 

Let  i.s  now  examine  these  results  :— 

Sulphureous  gas  escapes  from  the  retort,  which  accmiii 
for  the  8  or  9  parts  lost  of  the  weight ;  for  nothing  dseexapcii 
us  the  excess  of  sulphur  remains  in  the  neck  of  the  xetoit 
ricncr,  if  there  were  no  formation  of  sulphureous  acid,  loi 
consequently  no  loss  of  oxigen,  the  mosaic  gold  obtained  woiH 
be  composed  of  100  |)arts  oxide  +  ^0  of  sulphur,     ikit  theic 
is  a  dcductioi^of  oxigcu :  the  mosaic  gold  is  therefore  com^ 
posccl  of  oxide  100,  —  an  unkuown  quantityof  oxigcu,  SOof 
sul])hur,  -f   &  quantity  of  sulphur  equal   to  that  unlcnowa 
quaiitltv  of  oxigen.     Mosaic  gold,  therefore,   is  not  a  s4ir 
phurated  oxivle,  in  the  degree  hitherto  imagined ;  or,  in  other 
worJs,  a  combination  of  sulphur  with  one  or  other  of  t!ic  t«o 
oxides  of  tiu  'with  which  we  are  acquainted ;  but  it  is  a  aul^ 
phuret,  whose  oxide  is  fixed  at  a  degree  inferior  to  their  cod« 
stituting  the  minimum  of  oxidation  of  this  mcLiI :  a  coostamt 
term,  1  repeat;  because,  whenever  the  attributes  of  a  com« 
|>ound  present  themselves  without  vaiialion,  whatever  may  be 
the  process;  by  which  it  has  been  obtained,  the  invariability  m 
the  pj  opoi lion  of  itapaits  Is  always  an  inseparable  cooscqu^nfin. 

It 
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It  itTm&ins,  *thfereYbr«;  to  ascertain  what  may  be  this  ncwde-  Factj  and  pb- 
prce  of  oxidation,  produced  by  affinity,-oxclusively  lo  give  ex-  JJ^^ai^c^^, 
istencc  to  a  singular  combination,  and  to  discover  if  it  be  ca-  pouuck 
pablc  of  being  exhibited  separaitcly,  like  those  which  we  know 
do  form  the  maximum  and  minimupi  of  tin.     I  shall  conclude 
this  paragraph  by  observing  that  three  operations,  repeated 
with  care,  agreed  to  nearly  half  a  grain  in  giving  similar  results. 
The  oxide  at  a  maximum  heated  with  sulphur  ])roduced  an 
abundance  of  sulphureous  gas,  leaving  mosaic  gold  as  a  residu«* 
urn.     In  tFiis  approximation,  therefore,  the  metal  abandoned 
all  the  oxigcn  comprised  between  28  per  vent,  and  the  new 
term,  inferior  at  22,  which  we  have  just  discovered. 

If  mosaic  gold  be  heated  in  a  high  temperature,  the  oxigen 
separates  from  the  metal,  combines  with  the  sulphur,  and  es- 
capes in  sulphureous  gas :  but  a  part  of  the  sulphur  ib  retained 
fro.n  the  oxigeu  by  the  metal  itself:  and  the  products  ure  tlius 
metallic  sulphuret,  sulphuric  gas^  and  sulphurct  of  tin.  Such 
are  the  new  binar}-  combinations  produced  by  the  ternary  union 
of  mosaic  gold,  when  urged  by  a  strong  temperature. 

Bcigmann,  and  after  him  Pelletier,  were  well  convinced  that 
mosaic  gold  required  for  its  formation  a  greater  quantity  of 
sulphur  than  the  simple  metallic  sulphurct.     For,  besides  the 
sulphureous  gas  already  mentioned,  a  portion  escapes  entire  on 
heating  the  mosaic  gold.     It  is  a  curious  fact,  that  this  metal, 
whose  aHinity  to  sulphur  might  be  expected  to  decrease  in  pro- 
portion to  the  quantity  of  oxigen  it  contains,  should  be  capa- 
ble of  attracting  a  much  larger  portion  than  pure  tin. 
•  If  throe  parts  of  oxide  at  a. maximum,  and  one  part  of  mo- 
saic gold  be  made  red-hot,  the  latter  will  be  decomposed.  The 
sulphur  contributes  to  >  disoxidatc  parts  of  the  oxide  <;  sulphu- 
reous gas  is  nflbrded,  and  after  the  operation  a  grey  powder  is 
found,  being  a  mixture  of  oxide  at  a  minimum,  metallic  sul- 
phuret,  and  white  oxide.     Muriatic  acid  dissolves  the  grey 
oxide,  and  the  metallic  sulphuret  with  this  produces  sulphu- 
rated hydrogen.     The  oxide  at  a  maximum,   beins;  much  less 
soluble,  is  the  last  to  dissolve.     After  decanting  and  adding 
ffesh  acid,  this  second  solution  difl'ors  from   the  foiViToinc;  in 
gking  a  yellow  colour  to  hydro-sulpuratcd  water,  whiUt  the 
former  gave  a  deep  brown.  . 

Felletier,  who  observed  so  acutely,  has  sufibreJ  himst-ll'  to 
Vo<.  XlV.—Mav,  ISOO".  '  <>  ^e 


42  ^^  "^i*- 

VacH  tn\A  oU-  bc  imjK><tf d  on  Ly  some  ap]ioarance  with  vrbich  f  am'  niiac* 
tfn nml  itscom-  <iuainte<l.  II«  says  that  sulphurot  of  tin  and  cinnabar  hcate<f 
pouiids.  .  together,  yi^ld  mosaic  gold.     A  result  so  contrary  to  princi'' 

pics,  appeared  incredible ;  I  repented  the  experiment,  and 
found,  that  these  two  sulphurets  heated,  produced  merely  cina- 
bar  and  sulphuret  of  tin  ;  the  one  volatilised,  the  otiicr  mould- 
ed in  the  bottom  of  the  retort. 

All  the>^»  facts  sufficiently  acquaint  us  with  what  takes  place 
m  the  operation  of  converting  tin  into  mosaic  gold.  It  would 
bc  useless  to  urge  that  the  intervention  of  mercury  m  as  super- 
ttuous  in  this  preparation,  as  in  that  of  filming  muriate  of  tin, 
us  I  have  shewn,  in  1801,  in  the  **  Journal  dc  Physique/* 
vol.  lii. 

Mosaic  Gold  and  Acids, 

Sulphuret  of  tin  is  composed  of  mcial  100,  of  su1|)hur  W. 
Of  tliis  Sago  and  Bergmann  wei-e  assured :  I  also  found  ther 
same  proportions.  Muriatic  acid  readily  acts  upon  this  sulphu- 
ret of  tin  at  a  minimum,  sulphurated  hydrogen,  Sic^  Bift  rt 
is  a  singular  circumstance  that  the  same  acid  has  not  the  least 
influence  upon  mosaic  gold  ;  it  merely  clears  it  of  metallic 
sulphuret,  as  has  bcH?n  remarked  by  Pcllctier. 

Nitric  acid,  which  likewise  easily  desti'oys  sulphuret,  has  as 
little  power  over  mosaic  gold  :  a  fact  not  less  extroordinar)', 
when  wc  recollect  the  iacility  with  which  tin  and  sulphur, 
under  otlier  circumstances,  are  acted  upon  by  nitric  acid. 

To  dissolve  mosaic  gold,  aqua-regia  must  be  used,  and  if 
mubt  have  a  long  and  continued  boiling.  The  result  is  a  kind 
of  sulphate  of  tin  at  a  maximum.  It  is  decomposed  by  the 
Jieat,  and  after  drawing  over  oil  of  vitriol,  a  residuum  w 
obtained  of  spongy  white  oxide,  which  must  be  washed  to 
cleanse  it  from  acid.  The  edulcorating  water  contains  not  an 
atom  of  tin;  sulphureous  hydrogen  discovers  nothing  in  it,  un* 
leas  il  be  atoms  of  mercury,  when  the  mosaic  gold  of  commerce 
has  bctni  used,  arising  from  the  smali  quantity  of  cinnabar  some* 
times  found  in  it. 

One  hundred  grains  of  saltpetre,  and  fifty  of  mosaic  gold» 
heated  gradually  in  a  small  lelorr,  exploded  with  much  vio- 
lence, and  had  nearly  twen  attended  witli  serious  consequcncof 
ta  mc. 

JSul- 


Su/piiirel  and  Pottufi.  .-tn  «fi.iiii  on 

Lu^uiil  pfjtash  lias  not  the  least  action  uponsul|?hurol(:f  tin;  „^,\n-iV  ^'^^ 
bu  of  antimonj  is  affected  quite  otJienvi^^e  under  viinilur  cir- 
eoiutanccs.     AntiiiiiHi),  iHi\u'ver,  is  far  IVom  ])o&scssiii:!  at) 
||Kat  an  aflinlty  to  oxi^cn  n.*^  tin  iUH'<.     TUii>  di vcibity  sliews 
how  cautiuus  we  ou^lit  \u  Lc  m  i\rin\u^  pi cwoub  judgments  in 

ikmistiy. 

Mosaic  Chj.'il  and  PotOA/i. 

* 
liquid  p(>ta.s1i,  asM^tod  by  heat,  dissolves  mosaic  gold.    The 

Au^s  it  undergoes  arc  curious.     As  they  tend  to  throw  a 

l^t  on  the  theof}*  of  oxidation,  it  may  he  usofuJ  to  detail 

them;  but  to  do  this  wiih  clcanioss,  it  is  jndibpc'iis:ij>ii*,  iir>i, 

io  speak  of  the  hydro-sulphurots  of  tin,  combinations  which 

I  bflve  hitherto   but    imperfectly  understood,    and  of  winch 

the  denomination  will  stand  in  need  of  being  improved. 

Major  Ilj/dra-SuljjJtarct  of  Tin, 

A  current  of  sulphurated  hy  d  rogen  is  passed  through  any  sol  1 1- 
lioB,  of  which  the  oxide  is  pcifectly  at  a  inaximuin ;  and  a  yellow 
pnedpitftte  will  be  obtained,  to  be  collected,  washed,  and  lef(  to 
4lrj.  Tu  obtain  more  precipitate,  it  is  pro}-er  to  saturate  the 
excess  of  acid  in  the  st^iiition  ;  for  when  that  predominates  too 
Hiachy  the  hydrof^en  with  more  difliculty  attiacts  the  oxide. 

The  precipitate*  possesst^  the  follow! ns;  characters  :  Healed 
nth  marine  acid,  it  <iiss(>lvob  witli  cll'ervescence,  yields  abun- 
lance  of  sulphuraled  liydro^cn,  and  is  reduced  to  a  simple 
ouriatic  solution,  in  which  the  oxide  Is  alwa\s  found  at  a 
naximiim.  This  rloar  yellow  precipitate,  so  loni;  as  it  remains 
leafy  is  what  we  call  h}idi'u-8v1phnrct  major:  it  aucments  the 
umber  of  those  combinations,  which  s*»rve,  in  chemistry,  to 
Icmonstrate  the  facility  with  which  mei*c  heat  can  vary  the 
illnitics.  At  an  ordinary  temperature,  sulphurated  hydrou;en 
k  an  acid  which  takes  the  oxide  from  muriatic  acid  :  but  at 
he  temperature  of  boiling  water,  the  latter,  in  its  turn,  acts 
tpon  the  sulpLuiated  h}<lrogen,  and  resumes  its  oxide  of  tin. 

Dry  hytlro-sulphuret  of  tin  is  of  a  daik-brown  colour  r  it  is 
itrcouH  in  the  fracture  of  its  pieces,  as  arc  likewise  the  oxide 
aajor,  the  purple  of  cassius,  and  the  native  oxide.  Potash 
eadilv  dissulves  it,  and  acids  precipitate  it  without  alteration. 

G  ;>  It 
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Factii  apA  ob-      If  it  be  «;ni<iually  heated,  it  afford!  water  of  neirforaip 
nnandlbf  **"  -  ^*°*^»  ^^^  S*^'*-**  ^"'  sulphureous  gas,  a  little  finee  sidpkur,  wd 
pound! .  residuum  of  very  beautiful  mosaic  gold. 

These  latter  products  distinctly  shew,  diat  the  hyi 
phuret  cannot  sustain  a  high  temperature  without  m  tendency! 
become  simplified :  Uiat  the  tin,  for  example,  comi 
oxigcn  to  t!)c  two  principles  of  sulphurated  hydrogen, 
only  such  a  proportion  as  the  affinities  render  nccessaiy  forte' 
new  combination  in  which  it  becomes  mosaic  gold ;  andflntfy^ 
if  the  temperature  be  augmented,  the  mosaic  gold,  abeadon- 
ing  this  o.xigen,  passes  into  the  state  of  metallic  sulphuretyaooDN 
])ination  still  more  simple  than  mosaic  gold. 

Minor  Ilydro-Sufphurtt  of  Tin, 

If  a  saturated  solution  of  tin  at  tlie  minimum  be  trotted  ia 
the  way  already  described,  a  powder  is  obtained  ofthecokor 
of  coffee,  or  a  little  darker,  which  is  to  be  washed  in  boiliq 
uatcr.  This  sli(!;ht  heat  aui^menting  the  attraction  of  tbcpV" 
tides,  enables  the  hydro-sul  phuret  to  resist  the  action  of  the  ti^ 
vhich  otherwise  is  ii])t  to  change  it  from  brown  to  yellow,  em- 
wliilst  on  the  filtro,  that  is  tosny,  from  minimum  to  maximun. 

This  hydro-sulphuri't  is  dibtingui^hud  from  the  preceding  if 
the  follow i 111!  qualities  : 

It  is  black,  or  appears  so;  will  not  di^^solve  in  potash «il^ 
out  chaiio;iii(T  its  state;  and  yields  no  mosaic  gold  by  heat. 

It  possesses,  in  cummon  villi  the  foro2;oin^,  the  property rf 
dissolvim;  with  eflervcsccnce,  of  jvstoriiij;  the  ^as  which  arti» 
rated  its  base  ;  and,  constvjiicnily,  of  giving  nuiriatc  of  tinitl 
minimum,  if  muriatic  acid  he  uhvI. 

If  tliis  hydro-sulphuret,  when  fresh,  bo  heated  with  poUsh, 
ir  divides  in  two:  one  part  of  its  base  gives  to  the  other  alliti 
oxigcn,  and  is  thus  reduced  to  the  state  of  simple  metalliciol- 
))huret.     In  this  state  it  is  collected  torrotlier  at  Uic  bottom  at 
the  vesst-l.  'Ilie  other  part,  rnisod  by  this  adrlition  tothomtsi- 
mum,  attracts  aKo  the  sulpli'jri> ted  hydrorrcn  of  the  former,  in^ 
thus  becomes  hydro-sulphuret  major.     The  metallic  sulphuRt 
being  tlius  separated,  a  yellow  powder  is  precipitated  b}'  acidi 
jjoni  the  11\juor,  possessing  all  the  characters  described  in  the 
h\»in)-.-u] phuret  of  tin  at  a  maximum.     I  havp  observed,  in 
speaking  of  antimony,   that  its  hydro-sulphuret,  or  kcrroos, 
tjcated  with  potash,  tan  also  yield  sulphurct  of  antimony. 

Black 
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Black  hydro-sulphuTct,:  heated  in  a  retort,  gave  abuhdancc  Fvets  «nd  iAk 
•f  vater  and  a  little  free  sulphur,  butno  sulphuioous  gas,  and  J||J^'5Stti^», 
was  reduced  to  a  pure  and  simple  metallic  sulphurct ;  that  pcniiids. 
is  to  say,  although  the  quantity  of  tin  in  tbi^  hydro-^ulphuret 
be  as  S2  to  100,  it  docs  not  stop  at  this  inferior  degree  of 
oxidation,  which  would*  turn  it  into  mosaic  gold.     It  shoiiM 
seem,  that  the  hydrogen,  being  presented  to  the  oxigcn  of  the 
oxide  in  a  more  powerful  degree  than  in  hydro-^sulphuret  at  % 
maximum,  saturates  and  converts  it  entirely  into  water,  leav- 
ing none  with  the  metal,  which,  as  we  have  seen,  can  never 
form  mosaic  gold  without  a  certain  portion  of  oxigon. 

We  shall  now  proceed  to  the  changes  effected  in  mosaic 
gold  by  potash, 

Motaic  Cold  and  Potatk, 

Liquid  potash,  assisted  by  heat,  quietly  dissolves  mosaic 
gold,  and  assumes  a  greenish  shade.  From  this  solutioo 
acids  separate  a  yellow  powder,  which  is  no  longer  mosaic 
gold  but  hydro-sulphuret  at  the  maximum :  there  is,  thereftire, 
$1  decomposition  of  water ;  the  base  of  the  mosaic  gold  deprives 
ilof  oxigen,  to  raise  itself  to  the  maximum  of  oxidation,  whilst 
the  hydrogen,  on  the  other  hand,  combining  with  thesulphur, 
constitutes  sulphurated  hydrogen,  and  the  mosaic  gold  thas 
becomes  transformed  into  hydro-sulphurated  oxide  major;  or, 
in  other  words,  into  hydro-sulphuret  of  tin  major:  in  fact, 
this  precipitate  possesses  none  of  the  properties  of  miisaVc 
gold  ;  muriatic  acid  dissolves  it,  disengages  the  sulphurated 
hydrogen,  and  reduces  it  to  a  simple  solution  of  muriate, 
whose  basis  is  at  a  maximum. 

This  reminds  us  of  that  decomposition  of  water,  which 
accompanies  the  transformation  of  sulphur  of  antimony  into 
kermes.  The  antimony  is  oxided  at  thcexpcncc  of  the  water, 
which  it  decomposes;  whilst  its  sulphur  is  hydrogened,  and 
furnishes  the  antimonial  oxide  with  the  rcqui<iite  saturating 
acid,  llierc  is,  however,  betweim  antimony  and  tin  this  dif- 
ference :  that  though  the  latter  is  raised  suddenly  to  its  max- 
imum in  potash,  antimony  never  passes  its  minimum  in 
changing  into  kermes.  Indeed,  it  is  still  more  suiprising  to 
observe  that^phuret  of  tin,  whose  afiaitv  to  o^^gon  appeac3 

far 


46  Q»  I". 

Facts  and  oO-   far  greater  tiian  that  of  mosaic  gold,  cannot  dcconqxne 

ferrationson     ,.,      • 

tin  and  itt  coin-"*'®  *^- 

ppi|jad4.  But  mosaic  ^old  is  not  sin^lar  in  undergoii^  thitii 

sion.     2' or  r.\iiiiiple,  if  oxide  of  tin  at  the  minimum  bci 

with  potash  and  sulphur,  the  oxide  will  be  suddenly 

to  the  miixinium,  and  changed  into  bydro-sulphuret  major.  ^] 

If  muriute  of  tin   minor  be  poured  into  potadip 
from  sulpiui  rated  hydrogen,  it  produces  a  yellowisli 
tate,  inclining  to  fawn,  M-hich  19  nothing  else  than  hydm* 
sulphuret major.     Oxide  of  tin  at  the  minimum  has  theiffi»% 
a  peculiar  disposition  to  decompose  wiitcr»  nnd  to  be  unui 
dated  at  its  cxi>encc.     Tlius  mosaic  golrl  caimot  be  had  bf 
the  humid  way.     Pcllotier,  who  went  no  fartiicx  tli&n  the  pie* 
cipitation  of  the  muriuto  in  sulphnte  of  potash ^  thought  be lisd 
obtained  mosaic  £;old,  because  his  precipitate,  when  heated  in 
a  retort,  was  converted   into  that  substance;  hot  it  did  not 
occur  to  him  then,  that  wliat  he  was  hi*}itin|T  was  not,  is  il 
should   have  been,  a  composition  capable  ot  resisting  Bcid!| 
in  a  wiird*  it  was  not  mohaVc  <inld. 

If  all  licpiid  su)piutri*ts  wore  hytii'osemvl,  as  EertboM 
imagines,  the  ])ri.'cipiiates  which  they  liivr  wiih  mnnalett| 
mininuun,  would  be  very  much  mixed  with  black  bydm* 
Milpliiiri't ;  and,  conscijuently,  of  a  very  deep  colour;  bit 
nothnv^  iy  Icbs  iiencrul. 

^\  hen  the  precipitate  is  very  yellow,  capable  of  conpled 
solution  in  pot-ash,  and  the  solution  doi^  not  turn  browi 
"whcD  mixed  with  hydro-sulphurated  watL-r;  the  conclusoi 
must  be  thai  there  are  simple  sulphuicis  of  potash,  as  well  a 
conTi>ound  ones. 

But  we  must  not  for^t  that  no  lirjuid  sulphuret  is  strictly 
without  a  little  hydrogen,  as  I  have  demonstrated;  it  is  tkH 
which  clouds  the  yellow  colour  of  the  hydro-sulphurct  major, 
and  gives  it  a  drab  coloured  hue ;  but  these  small  portion 
of  hydrogen  cannot  be   consi«lered   as   necessary  ct>mpODeiit 
parts  of  the  sulphurets ;  nor  as   mediums  without   which  the 
sulphur  could  not  be  sus))ended  in  the  alcali  ?     I  caimot  ad« 
mit  this.     Pur  diluted  sulphuret  of  potash  into   thri^  £:1asfics, 
and  add  to  two  of  them  a  Uttle  hydro-sulphuret  of  ]H)tasb| 
in  unequal  proportions ;  then  let  a  few   drops*  of  munalc  ol 

tifl 
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tin  minor  ftU  into  each,  and  three  very  different  shades  wiH  Fact«  and  Mh 
immediately  be  perceived,  vhich  perfectly  confirms  all  that  I  J^Ti^^J**  ^ 
have  here  affirmctl.  pounds. 

Mosaic  gold,  then,  decomposes  the  water  in  presence  of 
Bulphuret  of  poUiih,  as  has  been  just  shown;  but  it  als6 
decomposes  k  in  tlic  midst  of  hydro-sulphurct  of  potash,  one 
of  tho  moot  disoxidating  compositions  known.  Heat  mosaic 
gold  in  hydro-sulpiiuret,  and  it  will  be  dissolved  :  add  to  tho 
solution  an  acid,  the  precipitate  will  [be  yellow,  and  exhibit 
all  the  properties  of  hydro-^ulphuret  of  tin  major:  that  is  to 
fay,  sulpiiu rated  hydrogen,  alone  or  combined,  can  never 
deprive  tin  of  its  tendency  to  decompose  water,  in  order  to 
arrive  at  die  maximum  of  oxidation. 

Muriate  at  the  Maximum  and  Tin. 

If  hydrogen,  assisted  by  the  affinities  which  sulphur  adds 
to  thoiic  which  it  (lossosscs,  cannot  lower  the  oxidation  of  tin, 
it  will  he  conceived  that  hydrogen  alone  is  still  less  likely  to 
oil'i'Ct  it ;  aJKl,  indeed,  if  thin  plates  of  tin  be  heated  in  .a 
^lution  of  tin  at  the  maximum  (such  as  the  diluted  fuming 
iliuriate,  or  residuum  of  muriatic  ether,  an  old  sulphate,  &c.) 
the  oxide  at  a  maximum  separates  in  white  flakes,  which  be- 
come vitreous  in  drying,  and,  in  a  word,  possess  all  the  pro- 
perties of  which  we  already  have  said  so  much.  This  is  a 
moan  of  restoring  the  integrity  of  solutions  which  have  been 
ciianged  by  the  atmosphere.  During  this  solution,  a  decom- 
position of  water,  and  disengagement  of  hydrogen  take 
place.  This  hydrogen,  which  under  similar  circumstanees 
would  lower  the  oxidation  of  iron,  has  not  the  same  power 
oyer  tliatof  tin;  zinc  itself  precipitates  the  oxide  of  tin,  and 
the  hydrogen,  procured  in  such  great  abundance,  has  no 
greater  efiect  upon  tliis  oxide. 


All  these  Experiments  prove,  tliat  the  oxide  of  tin  in  passing 
from  a  minimum  to  a  maximum  decreases  in  soluI)iIity,  and 
f«;l]ows  the  same  law  as  iron,  manganese,  cobalt,  and  many 
cythcr  metals;  they  also  show  why  it  is  that  acids  have  so 
little  action  upon  the  native  oxides  of  this  metal,  and  that 
potash,  on  the  contrary,  has  so  great  an  aptitude  to  dissolve 
thevif  as  has  been  remarked  by  Morveaux,  viz.  that  native, 

o.\ide 
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IjkrtfaBdolH  oxide  is  ftlso  at  28  in  100.  In  this  oxide,  whose  fragmentt 
SftiKwd^^-  arc  o(iiially  vitreous  \vith  those  of  the  artiticial,  the  condensa- 
tion is  so  great,  tliat  v^lion  heated  with  sulphur,  it  yields  bnt 
•lowly  to  disoxidation  ;  the  process  m\ist  be  repeated  two  or 
three  times,  during  which  it  emits  sulphureous  gas,  and  is  at 
last  changed  into  mosaic  cold. 

White  crystals  ought,  nndoubtedly,  to  be  replaced  among 
ores  of  \in,  from  which  they  have  l)een  separated  for  want  of 
proper  examination.  It  is  true  that  tungstein  has  been  fre- 
quently taken  for  the  white  oxide ;  but  this  last,  though  rare, 
docs  not  less  positively  exist.  Among  a  collection  of  minerals 
lent  me  from  the  mines  of  Monteray,  in  Gallicia,  were  three 
vhite  crystals,  opaque,  and  quite  disfigured  by  rolling  about, 
ivhich  I  at  first  took  to  be  tungstein ;  but  finding  that,  after 
remaining  in  muriatic  acid  for  a  twelvemonth,  they  still  re- 
Drained  unchanged,  I  examined  them  ag;iin,  and  found  they 
were  pure  oxide ;  these  are  the  same  which  1  changed  into  mo- 
!*aic  gold  by  sulphur.  The  grey  and  brown  crystals  also  change 
mto  this  substance,  but  with  moi-e  difficulty  ;  their  mosaic  gold 
ft  contaminated  with  sulphurct  of  iron;  it  may  be  discovered 
by  muriatic  acid ;  it  also  retains  some  sand  and  small  frag- 
ments of  undecomposed  crystals. 

A  phenomenon  not  less  interesting  to  the  sight  than  the  judg- 
ment may  be  obser\'ed  in  the  solution  of  indigo  in  potajih,  pre- 
pared by  the  medium  of  the  oxide  at  iho  minimum.  Put  indigo, 
<Jxide,  and  liquid  potash  into  a  bottle,  and  stop  the  mouth  quite 
close  ;  let  it  be  well  shaken  from  time  to  time  ;  and  when  the 
indigo  has  entirely  disappeared  and  the  liquor  become  of  an 
oran?e-yellow  colour,  proceed  to  the  following  experiment : 

Pour  cold  wate^  into  one  glass  ;  boiling  water  into  a  second ; 
Jtod  hydro- sulphurated  water  into  a  third :  then  pour  a  few 
drops  of  the  indigo  solution  into  each  ;  the  water  in  the  first 
glass  wdl  iininediatt'ly  become  blue;  that  in  the  second,  a 
beautiful  oran^re-ydlow ;  and  that  in  the  third,  will  Le  similar 
to  the  second.  In  all  this  we  may  pLiceive  the  influence  of 
the  atmospheric-  y\i;ien.  The  indigo  being  disoxidatcd  in  the 
sbluflon  instantly  uttiacts  the  oxigen  comnuuily  .-iispended  by 
cbld  water,  und  resume s  its  primitive  colour  ;  whilst  Uie  boil- 
ing water,  being  depri\cd  of  its  atmospheric  air,  fails  to  pro- 
dVicfp  a  similar  ['hHiomenon.  In  the  hydro-sulphurated  water, 

no 
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ko  chanse  is  perceiirod>  because  this  water  no  longer  contains  Facts  and  ob- 

'  ■    .         '^        "^  aenraHoDfl  QO 

oxigen.  tinaoditfccMl* 

A  linen  or  cotton  rag,  previously  wetted  with  boiling  water,  iKxinds. 
if  dipped  into  the  sccoml  glass  comes  out  o(  a  yellow  colour, 
which  changes  successively  to  green,  and  then  to  blue,  with 
.  ivhich  it  is  finally  firmly  dyed^     If  the  contents  of  the  second 
l^ass  while  still  yellow  be  thrown  into  a  large  bell-shaped  ves- 
sel, and  whirled  rounds  the  liquor  will  pass  rapidly  from  yellow 
to  perfect  blue.  The  indigo  having  recovered  its  native. colour, 
iccomes  insoluble  and  settles:  in  like  manner,  if  a  few  droft 
of  oxigenated  muriatic   acid  be  put  into  the  solution  whilst 
yellow,  the  blue  colour  will  be  instantly  restored  ;  but  more 
ef  the  acid  will  destroy  it  again.     These  effects  confirm  raoro 
and  more  the  ideas  of  modem  chemists  res|)ecting  indigo. — In 
India  and  the  islands  indigo  is  not  drawn  from  the  vegetable 
juices  which  contain  it,  so  much  as  it  is  precipitated  by  oxi- 
^n ;  and  in  Eurdpe  it  is  only  fit  for  the  purpose  of  dyeing  h\ 
proportion  as  this  oxigen  is  destroyed.     The  effects  of  the 
woad  vat  though  so  diflerent  in  their  appearance  from  those 
produced  by  the  disoxichiting  minerals,  are  nevertheless  subject 
to  the  same  theory.     The  fermentation  of  the  green  fecula  of 
the  woad,  or  of  bran,  or  madder,  &c.  disengages  a  portion  of 
hydrogen,  which  attacks   and   disoxidatcs   the  indigo,   arid 
restores  its  green   colour.     After  frequent  opportunities  of 
observing  the  process  in  the  vat,  I  am  persuaded  that  any  other 
green  plants  rich  in  fecula,  such  as  cabbages,  and  all  crucife- 
rous plants  in  general,  would  produce  similar  effects,  and 
might  be  advantageously  employed,  particularly  wltere  woad 
tennot  cofiveniently  be  obtained. 

Jt  may  be  interesting  to  comu>erce,  and  to  manufacturers 
to  be  informed  that  lOOlbs.  of  linen,  well  scoured  require 
^Ibs.  of  indigo,  to  dye  it  of  a  turquoise  blue,  the  deepest  tint 
that  can  be  given ;  this  I  have  obtained  from  an  experiment 
made  some  time  ago,  with  greut  care,  in  a  wood  vat. 

I  could  wish  to  give  in  this  place  a  set  of  experiments  made 
upon  the  scarlet,  with  solution  of  tin,  b^  sulphuric  acid,  se* 
talt,  and  saltpetre,  to  avoid  the  use  of  aquafortis ;  but  I  wish  to 
correct  some  particular  parts,  which  1  have  not  leisure  jus( 
now  to  do«  I  can,  however,  assert  that  sulphuric  acid,  and 
even  the  salt,  which  both  change  scarlet  to  violet^  appear-  to  b» 
V0L.XIV.— Mat,  1806|^  H  W 
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f  *eU  and  ob-  "®  obstacles  to  the  success  of  the  scarlet  <lyc.     I  Bare  a  DQin* 
jwnraAioM  on '  bcr  of  patterns,  of  the  most  perfect  dye :  the  least  of  these 
pMadik  patterns  is  12  inches  square,  which  I  mention  lest  they  should 

be  confounded  with  small  scraps  dyed  in  a  whie  glass. 

Oxide  of  tin  at  the  maximum  b  very  soluble  in  potash  :  this 

solution  ea»ly  crystallizes.     The  crystals  appeared  to  me  to  be 

'lenticular,  adhering  to  each   other  without  order  :  they  taste 

like  potash  ;  dissolve  in  water,  where  they  lose  part  of  their 

•  oxide ;  become  dense  in  a  retort,  yield  water,  ignite  without 

.    melting,  and  prescnre  their  shape.     Beyond  this  I  have  not 

observed  any  thing  remarkable. 

Madrid  J  Aprils  1805. 

V. 

Exp^imcnU  and  Obscrcraiions  respecting  the  Manner  in  vkich  ikt 
Gases  are  afforded .  in  Water  by  Galvanism,  and  xariom  u- 
sential  Points  of  Thtory.    By  \\ .  B.  K. 

To  Mr,  NICHOLSON, 
SIR, 

fatrodtirtory      £J 

observations.     o^AIE  respectable  chemists  having  expressed  a  great  desire 

that  I  should  give  in  your  Journal  my  experiments,  which  form 
my  opinion  that  the  gases  obtained  in  Galvanism  vary  from 
diftrrcnt  causes^  as  it  is  an  opinion  that  miliuitcs  so  directly 
against  the  Lavoiserian  theory  ;  therefore  they  s»y  the  experi- 
ments which  lead  to  it,  ought  to  be  given  to  the  public,  and 
Dot  rest  upoi)  a  bare  assertion. 

I  must  make  these  general  observations,  that  I  give  the  name 

of  pile  to  all  Galvanic  apparatus,  even  when  they  are  formed 

of  troughs  ;  and  also,  that  tlic  sanoe  grneml  names  are  givexl 

io  the  wires,  calling  them  the  silver  wire,  and  the  zinc  wire, 

whatever  metals  formed  the  pile. 

The  Galvanic        Having  constructed  a  pile,  1  found  that  it  yi(*lded  hydrogca 

S*^*  ^^*^*^^  ^!Jl "and  oxigen  gases  %nth  gold  wires,  and   which  were  the  com- 

\%\vi  in  water   moiT    gases    usually   formed,   and  tliat  they  detonated.       f 

^o^  wit'h "  *^®"»  instead  of  the  gold  wires,  used  citlier  animal  or  ve^'-tabl© 

animal  fibi-est— substances ;  but   I  found  they  generated  no  gases.     Then  it 

before!  \nhm    ^otild  appear,  that  the  metals  arc  necessary  to  this  phenomenon 
Ukres  Iravc  tcr-  -  -  m 
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as  well  as  the  Galvanic  fluid.  Then  instca(i  of  lotting  these  ani-  minations  of 

nil  and  vegetable  fibres  enter  tlie  water  that  was  to  be  acted  P^"'**  ^'^^»  *"^ 
^  ...        inoretne  longicr 

vpoiiy  I  placed  two  ver}'  small  and  short  [lieces  of  gold  wire  im-  the  wire 
mcdiatcl)'  in  contact  with  (he  water,,  and  then  united  to  them 
tlie  animal  fibres  thai  were  connected  with  the  plates  of  the 
pie,  buC  there  were  scarce  any  gases  produced  ;  but  I  found 
M  I  lengthsa^  these  gold  wires,  in  the  same  pmportion,  I  pro- 
duced gpi«es.     Thai  being  ascertained,  I  endeavoured  to  disco-  The  quantities 
ler  whether  the  silver  or  the  ainc  wires  were  more  necessary  to  ?^  *****  °?*^  ^ 
farming  the  ggscs.  The  silver  wire  was  made  of  gold,  the  usual  need  not  be 
•Icogcbp  without  any  animal  fibrti;  and  the  zinc  wire  was  a  very  ^^  ' 
mnll  piece  of  gold   wire,  placed  in  the  water,  united  to  the 
^'le  by  animal  fibres.     Gases  were  equally  produced,  the  same- 
tsif  two  long  gold  wires  were  used,  at  both  the  cine  and  silver 
ends  of  the  pile. 

i  next  endeavoured  Co  ascertain,  whether  one  metallic  wire  The  mort:  oxi- 
«M  better  than  another ;  and  I  found  that  they  all  gave  gases ;  th^^^w^^ 
tet  the  most  calcinable  wires  in  the  greatest  proportion.     I  and  most  in- 
aiko  found,  by  examining  the  gases,  that  the  easy  calcinable  nioMt  of  oxigea 
wires  produced  the  greatest  proportion  of  inAammiibk;  gases^  *"<!  azote. 
and    platina  wires  the  most  of  oxigen  and  nxote  gases.     I  p^aroo"'  ^"si , 
next  tried  charcoal  wires,  and  I  found  that  they  formed  more  taii,  and  the 
cases  than  the  animal  or  vegetable  fibres,  but  less  than  tho  me-  s-ivem  demr 
talSy  and  that  the  silver  dmrcoal  formed  by  much  a  greater  must^azjte. 
propoitiQn  than  the  sine  charcoal ;  and,  as   Mr,  Davy  also 
found,  that  they  formed  neither  hydrocnrbonate,  nor  carbonic 
gases ;  but  I  found  them  gases  of  Utss  inflammability  than  are 
produced  from  the  metals,  as  well  Cisless  in  quantity  ;  and  also  . 
a  ro<ire  considerable  quantity  of  azote  gas  than  the  metallic 
wires  produced,  for  there  was  a  proportion  of  azote  gas  in  the 
.g^ses,  whatever  metallic  wires  were  made  use  of;  but  gold  and 
pbUina  wires,  yielded  the  most,  but  not  equal  to  what   was 
produced  by  the  charcoal  wires.     It  clearly  appears,  then* 
that  metals,  or  char(^oal,  are  necessary  in  forming  the  gases. 

The  next  consideration  was  to  find  what  changes  these  wires  T*^*^  **"?  "°^ 

°  rharconl  wer« 

had  undergone  from  producing  the  gases.     A   thin  iron  wire,  len  coinbtwti- 

which  had  for  a  long  time  been  u«ed  for  the  silver  wire,  the  '**"  °*'^*  ^**" 

°  proccw. 

gal^'anic  fluid,  in  consequence,  passing  through  it :  upon  ex- 
amination it  was  found  to  have  lost  its  ductility,  and  it  ap- 
peared to  shiver  in  pieces  when  struck  with  the  haromeri  some* 

II  ^  thing 


S2 


Arcunt 

■g>inl 

ryjf' 


the  Li 


thing  like  cast  iron  ;  its  fibres  appeared  lik*  i*- 
hyitogvn  gas,  wiili  a  snluiion  of  the  vitrinlic  ncid  kimI 
than  ttic  tame  nright  of  wire  llmt  had  not  b^cii  u<fd 
galvanic  prate*;  :  nurl  I  shuulil  have  suppnieil,  tttiit  it  itaeli 
hare  burned  with  icsi  iiillHinmiitiot),  if  it  hud  brei:  humed  id 
oxtgca  gas;  t>ro  slips  of  chuitroiil,  tliat  liad  been  lon^ u<<d  • 
galvonic  wire,  hnd  lost  greatly  their  combustibility  ;  sad  «h*a 
npplicd  to  the  catcct  of  nieinU,  produced  a  less  proporiionW 
Iheni,  than  the  same  ininhiily  of  charcoal  would  haie  doiWf 
Ihiit  had  not  been  galvanised.  The  power  of  ihc  pilewubf 
no  mcnns  so  strong,  as  lo  vuppose  ilicre  had  been  any  conbot- 
tion  in  nny  of  ihe  uiros;  hut  cildently  their  combtulibk 
principle  or  property  hMd  been  extracted  by  the  gnlt-nnic  Buid. 
producing  gases.  Ills  clearly  so,  from  ihis  self  cvidcatde. 
inonsimlton,  namely,  thcsu  ga»es  ore  well  known  to  be  rapa- 
bleof combuMion.  To  prove  thi^  dcx;lrine,  1  took  inEnmtiui- 
tible  bodies,  as  the  animal  6brr,  well  washed  from  all  its  cAm- 
bii  si  ible  matter,  for  I  he  re  was  only  the  white  muscular  fiba 
left,  UTiil  Used  it  intlend  of  [he  metallic,  or  chnrciil  wins,  toi 
they  produced  no  gases  neither  from  the  silver  nur  iiTicudm. 
But  whtn,  instead  of  water  being  plnced  between  the  muscuhu 
fibres,  1  placed  a  soliilion  of  poinsh,  1  found  the  solution  very 
soon  uiimCed,  N'>w  it  must  appear,  lliat  the  arid  wbicb  otr 
doubteJIy  the  galvanic  fluid  possesses,  instead  of  haring  iW 
inflammable  substance  iif  the  wires  to  unite  itself  to,  to  as  M 
form  gases,  united  ttself  to  the  potash  ncutraliiing  it.  I  thnA 
these  are  such  self  evident  truths,  that  ihey  cannot  powiblf4l 
otherwise  explained, 

Tha  Lavoisicran  exphinniion  of  these  phenomena,  upon  the 
composition  of  water,  is  directly  contradicted  by  every  bn. 
If  the  wires  acted  by  aiding  the  galvanic  fluid  in  decumpoumt- 
iiig  the  water,  we  cannot  rationally  suppose  that  the  sine,  be- 
ing the  calcinable  wire  would  produce  the  oxigen  gas:  hm 
ihis  theory  says,  that  when  metals  are  calcjned  by  water,  tlw 
s  set  free  as  g», 
puihed  to  ihis  cxiraordinaij'  e.l- 
i2es  upon  the  hydrogc*  e[ 
but  then,  in  this  caM,  it 


metal  seizes  i 

and  its  advoi 

plunation,  that  the  galvanic  lluid  si 

the  waif r,  leaving  the  oxigen  free; 


luld  do  the 
the  nielal :  but  it  is  not 


animal  flhrc  was  used  instead  of 

(lie  animal  ijbre  farms  co  gns-*— 

Besides 
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fiesides,  we  are  forced  ufion  this  highly  improbaVle  opinion,  FanHandob*- 

^at  the  salvnnic  fluid  can  carry  thishydrosen  ihroueh  even  the  servationi  in 
^1/.  r,^»  1-1  ci.     r  explanation  •! 

body  of  a  man  ;  for  the  phenomena  take  place  if  he  forms  a  ^^e  theory  of 

part  of  the  ciicuit.     But  this  circulation  is  directly  contradicts  GalFanwa. 
ed  ;  for  it  appears  clear,  from  my  experiments,  that  the  fluid 
passes  from  the  silver  wire  to  the  aHnc  wire ;  for  when  the  aiii-- 
mal  fibre  was  placed  at  the  silver  side,  and  only  connected 
Avith  a  small  portion  of  metallic  wire,  to  unite  it  to  the  wa«- 
tcr,  no  gas  was  produced  ;  but  when  placed  upon  the  zinc  side, 
gas  Mas  produced.     The' zinc  side  only  rcquiiing  a  metallic 
body,  eversosmall,  just  to  receive  the  fluid  out  of  the  water i 
if  after  that  it  had  the  muscular  fibre  united  to  it,  it  makes  no 
difference  in  the  production  of  the  gases.     It  appears  to  ope* 
rate  by  hindering  the  galvanic  fluid  which  was  united  to  the 
combustible  part  of  the  silver  metal,  from  passing  through  it, 
as  by  that  union,  it  had  lost  that  tenuity  or  penetrability,  so 
as  to  be  admitted  through  the  close  pores  of  the  metal,  and  the 
metal  may  also  operate  by  its  combustible  matter  at  its  point* 
which  is  in  the  water,  uniting  to  the  iralvanic  fluid  and  form  gas* 
f  found  that  when  the  discs  were  filled  with  ammonia,  there 
was  a  greater  proportion  of  hydrogen  gas;  an.l   when  they 
were  filled  with  acids,  more  of  oxigen  formed  at  the  wires : 
also,  the  larger  the  plates  of  the  pile,  the  less  of  gases  were 
produced ;  and  I  think  there   were  more  of  the  oxi«cn  and 
azote  kind  in  proportion ;  and  also,  the  galvanic  fluid  had  a 
less  tearing  sensation  to   those  who  were  electrified  by  it,  and 
evidently  gave  them  a  less  shock,  even  when  the  plates  were  «(» 
large  as  to  produce  the  combustion  of  metals,  and  when  so 
large,  they  produced  the  roost  nitric  acid.    That  tearing  sen- 
sation of  the  pile,  seems  to  be  from  the  fluid  being  united  with 
the  combustible  part  of  the   metals,  and,  in  consequence,  cir- 
culates with  less  ease  through  the  animal  body  ;  and,  therefore, 
gives  that  tearing  sensation.     It  is  from  this  that  the  fluid  re- 
quires water  to  assist  it  in  entering  and  passing  throui^h  the 
skin  of  animals,  as  the  hands  requiring  to  be  moist  when  yon 
touch  the  galvanic  wire.     But  tlie  pure  electric   fluid  requires 
jio  such  oid  ;  and  this  is  the  onl)'  difference  in   those  two 
fluids. — Therefore,  I  should   think  that  the  galvanic  fluid  is 
more  adapted    to  remove  obstructions  in  di;>eascs  ;  tiie  one 
postering  so  much  less  of  combustible  mutter  than  the  other. 

Ihat 
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iL-iil  similar  to  the  mniine  in  tlir  Galvnn^ 
I  froni    the  line  wire,  wbcn  it  is  silver,  bunog 
a  upoci  it,  even  ihougli  the  wmvr  thai  ii  p\M»i 


Tliftt  tlierc 
fluid,  nppears 

between  the  wires  is  pure  distilled  w 

1  ho  ftciioii  of  ibc  pile  scums  lo  bo  from  two  cdusm  ;  tb« 
fini,  from  two  melnl'  being  united,  which  hnvc  diOcrent  foin, 
»iioiu  of  llie  ckctric  fluid  ;  ibercfure.  by  being  uniinj,  lb 
jalurntion  of  racb  h  distuibed,  pniduring  i 
fluid,  and  the  pile  being  formed  of  wnier  in  ibn  dikCi,  ilw 
vmter  bring  not  so  good  a  conductor  of  the  Galvnoic  dmi, 
iberc  is  an  obstruction  which  makes  an  iccumulaijoo*  and  it 
occumulnles  to  uuch  n  pitch,  as  to  ovvrconn:  ibu  obAruction, 
nnd  then,  when  it  i«  uvorconic,  there  is  a  biroitj;  caitcu  pro- 
duced like  II  river's  obstruction,  producii^  stnMtins.  But  then 
the  principk-  ol'  the  electric  fluid  bdngso  repdliui.  lie  [ar- 
ticles, when  ocentnululcd,  repel  eiich  other  with  suck  power, 
as  to  givi:  great  velocity  lo  irs  motion.  It  has  this  gitot  n- 
pellant  power,  that  it  run  tear  buildings  to  pieces,  when  Ht 
pa^snjje  is  obslrucieil,  aiding  its  velocity  and  powtr. 

I  nin  now  dcseribitis  tho  simple  pile,  with  nothing  but  pi 
wnier  and  pure  metals;  but  there  is  aho  a  calcination  of  thf 
line  metui,  pariicuJarly  when  nciive  bodies  arc  placed  in  tlw 
liiscs,  which  actively  calcines  the  aiiic  tnetal,  and  by  Au 
means  sets  a  qonntiiy  of  its  electric  lire  freu.  The  liict  that 
you  mention,  Mr.  Nicliolsoo,  that  roelals  by  linvin;;  th«  dw- 
Iric  Huid  pais  through  them  bcrume  lighter,  niusi  add  *ina(ih 
to  my  opinion,  that  it  is  iIir  coinhuilihle  part  of  them,  nhicb 
the  electric  fluid  receives  from  ibtrm  ;  for  if  you  will  cbenu- 
cally  examine  the  metals  after  the  process,  ihey  will  bn  Ibund 
to  have  lost  this  matter. 

I  hope  I  have  given  a  regular  chain  of  facts,  wliichitir 
be  found  dilljculi  to  tniseonstrue ;  I  shall  not  examiiv  tbit 
iloririne,  by  an  extensive  examination  of  ii  variety  of  dilTe- 
ri'ni  facts,  it  being  too  wide  a  field  fur  ytiur  Journal ;  buijutt 
take  tUoie  which  appean-d  in  your  last  number,  and  sir  wbe. 
ihci:  ibey  arc  cxplaini^  by  the  French  theory,  in  that  timifit 
and  easy  manner,  as  my  explanntium  are  mode  ;  doing  it  ia  • 
(ursory  way,  fi.r  fear  of  making  my  paper  too  long.  I  Uiall 
ftrtt  notice  Mr.  Nonhmore's  addiiiomil  experiments,  which 
'Mnk  very  valuable,  and  likely  to  be  aiding  in  eltcidaihis  tl 
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lilith,  when  cxiMnpt  from  the  shackles  of  iheory.     Upon  con-  Fuct  and  ob^ 
dcniing  niliogeii  gfts  upon  lime,  he  procured  the  nitrate  o(^^^^^l^*J^^ 
lirae.     In  this  cxpcrintent  then,  he  procured  the  nitric  acid ^  the  theory  «»r 
which  he  could  not  do  in  his  former  experiments,  and  there    "  ^^* 


no  oxigcn  here  to  unite  with  the  nitrogen.    This  directly 
confirms  my  opinion  hinted  at  in  my  last,  that  this  nitrogen 
gas  was  formed  of  the  nitric  acid,  and  the  combustible  nnimal 
matter;  for  Dr.  Priestley  only  procured  from  the  nitric  acid  ' 
and  muscular  fibre,  nitrous  gas,  but  when  he  exposed  the  in- 
gredients to  heat,  he  procured  less  nitrous  gas,  and  when  the 
acid  was  much  diluted  with  water,  and  heat  applied,  he  pro- 
cured azote  (nitrogen.)     See  his  Experiments,  vol.  ii,  begin- 
iiing  at  p.  147.     Also  to  shew  what  clTect  heaf  has  upon  these 
nitrous  gases.  Dr.  Priestley,  vol.  iii.  p.  328,  in  heating  th« 
nitrous  oxide  in  mHlleable  iron,  says  the  bulk  of  the  air  was 
encreased,  and  become  all  phlogisticated  air  (nitrogen).    Now 
when  nitrogen  was  compressed  on  lime  there  was  no  oxigcn  to 
form   it  into  the  nitric  acid,  but  the  fire  which  the  lime  pos- 
sessed set  fire  to  the  combu&tible  matter  it  was  united   to» 
which  appears  from  its  violent  explosion." 

Experiment  9«  He  also  compressed  nitrogen  gas  upon  the 
gaseous  oxide  of  carbone,  and  nitrous  acid  was  formed  :  now  in 
this  experiment  there  was  no  oxigen,  but  if  he  had  com- 
pressed nitrogen  gas  upon  the  carbonic  acid  gas,  he  would 
have  formed  no  nitric  acid  as  1  found. 

His  observations  that  nitrogen  is  the  cause  of  explosions,  are 
not  just;  for  the  strongest  gunpowder  is  made  of  the  ox-murintc 
of  potash,  instead  of  nitre,  also  phosphorus  and  sulphur  ex. 
plode  when  melted  under  water ;  besides  many  other  exam- 
pleb  in  chemistry. 

.  Mr.  Northmore's  experiments  on  the  compressions  of  the 
oxi^natcd  muriatic  acid  gas,  arc  also  very  valuable,  it  be- 
comes more  concentrated,  which  adds,  as  he  observes,  to  its 
pungency,  and  its  volatility.  But  what  will  appear  cxtraor« 
dinary  to  the  advocates  of  the  Ijivoisieran  theory, — when  I 
compressed  either  atmospheric  air  or  oxigen  gas  upon  the  oxi- 
genkted  muriatic  acid  gas,  they  became  injured,  decompound- 
ing each  other  ;  the  same  efl'ect  as  nitrous  gns  would  have  had 
and  the  osigcnated  muriatic  gas  became  the  liciuid  muriutia 
acid.     Tliat  compressing  hydrogen  upon  the  oxiginutcd  mu- 
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JhictBandoV    riatic  gas  instead  of  its  becoming  weaker,  according  tor  tbrii^ 
teiraikNMi  on     theory^  the  hydrogen  should  have  united  to  the  oxrouriatiC 
Sethleory of*  o*>gen  and  formed  water,  but  it  became  a  stronger,  mortf 
Gaivauum.       pungent  and  vohitile  gas,  destroying  vegetable  colours  mora 
.  actively,  just  the  reverse  of  what  this  French  theory  teaches- 
It  appears  clearly  that  the  muriatic  acid  becomes  a  gas  from 
inflammable  matter,  aho  that  its  volatility,  pungency,  and  its 
^00  power  of  destroying  vegetable   colours,    proceed   from  fbii 
combustible  matter,  and  that  this  combustible  mattv-r  of  tbb 
oxmuriatic  gas,  when  united  with  oxigen  gas,  produces  an  ac* 
live  fermentation,  setting  loose  a  great  quantity  of  free  fire, 
the  same  as  nitrous  gas  and  oxigen  gas  do,  the  one  mixture 
forming  the  nitruus  acid,  and  the  other  the  muriatic  acid.^ 
This  iaccords  with  the  doctrine  of  our  forefathers,  that  com- 
bustible matter  makes  bodies  become  volatile,  and  it  appeait 
extraordinary,how  far  we  have  departed  from  this  clear,  ^impla 
and  obvious  doctrine.     But  I  am  afraid  I  have  made  the  com. 
munication  long  enough,  therefore  you  shall  have  the  remain* 
4er  in  the  ni^xt,  with  your  permission. 

I  am,  Sir, 

Yours,  &c, 

II.  B.K. 

London^  April  \J^  180^. 
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A  Chemical  Examination  of  the  Bark  of  the  While  IViRo-o^  and 

uf  the  Root  of  the  Herb  Bainct,  compared  xvith  Qui/tqitina  i 

considered  in  a  medical  Point  of  Vicxo,     Bf/  M.   liou  i  llo» 

Lag  RANG  £,*  read  before  the  Socicti/  of  Medicine  at  Farii^ 

Inquiry  from   JLn  the  memoir  which  I  read,  last  Florcal,  before  the  class 
propcrtu!i*^of    of  Physical  and  Mathematical  Sciences  of  the  National  Insli- 

bitter  vcgota-    tute,    on  tannin  and  gallic  acid,  I  menliontMl,  that  in  nursu- 
blet,  how  far     .  ,  ,  .  .  ..       '  . 

they  may  be  of*  "8  ^V  researches  among   si»veral  vegetables,   called  bitter, 

nedical  value,  wherein  the  tannin  was  supposed  to  iodide,  1  had  observed 
properties  in  some,  which  led  mc  to  examine  them  in  a  me* 
dical  point  of  view.  Prior  to  Uic  communication  ol  my  ex- 
periments and  of  the  reflections  I  had  made  upon  them,  I 
wished  to  ascertain  how  far  the  art  of  healing  migbt  derive 
•  Aaaalcj  dc  Chimie,  vol.  liv,  p.  287. 

Advantage 


\ 
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Advantage  from  the  two  substances  which  are  the  objects  of 
this  note.  I  know  that  a  slight  success  is  not  sufficient  to  fix 
the  opinions  of  physicians  ;  that  it  is  useful  to  multiply  facts, 
am]  that  it  remains  for  practitioners  to  decide  upon  so  impor- 
tant an  object.  These  considerations  have  determined  me  to 
present  my  labours  to  the  society  of  medicine,  in  the  persua- 
sion that  1  should  no  where  find  men  more  enlightened^  or 
more  impartial,  than  are  those  who  compose  it. 

ITiough  the  chemical  analysis  raav  not  lead  us  to  sur«  results  p*?n*»5^  «*• 
as  to  the  applicatiou  to  be  made  of  any  medicme,  yet  it  ought  only  afford  pro- 
at  lea^t  to  enlighten  the  physician,  and  give  hiiji  a  kind  of  sc-  b«»rility* 
curity. 

Such  is  the  object  I  have  in  view ;  and  should  my  conjee* 
tures,  founded  on  chemical  principles,  prove  successful;  me- 
dicine will  not  only  have  the  advantage  of  renderhig  indige- 
nous vegetables  useful,  but  it  will  be  no  longer  tributary  to 
foreigners,  who  frequently  send  us  the  mere  refuse,  or  arti- 
cles which  thf  v  would  not  themselves  make  use  of. 

They  who  devote  themselves  to  the  arl  of  medicine  heal-  Mentten  of 
•^  tome  vegetA'* 

ing  have  already  some  knowledge  of  the  medicinal  properties  of  bles,  &c. 

the  barks  of  the  willow  and  chesnut  trees,  and  of  the  root  of  the 
herb  bennet.  It  is  known  that  these  substances  are  employed  in 
some  parts  of  Germany  ;  and  many  members  of  this  society 
have  used  them  bem-ficially,  particularly  our  colleagues  De- 
scssart,  Coste,  Willemet,  &c.  We  want,  therefore,  only  re- 
peated and  well  attested  facts.  Far  be  from  me  any  idea  of 
empiricism ;  no  one  can  hold  it  in  greater  detestation,  or  wish  ' 
more  strongly  fur  its  extirpation  ;  but  I  believe  if  the  society 
were  to  direct  its  attention  towards  a  great  number  of  indige- 
nous vegetables,  it  would  discover  in  some  properties  no  lest 
certain  ihan  those  of  exotics ;  and  the  facility  of  obtaining  them 
would  ^eaerally  cause  them  to  be  preferred.  The  means  of 
ftcqairing  this  knowledge  are  simple :  let  comparative  essays  be 
made;  abandoning  all  idea  gf  routine,  which  commonly  con- 
lines  the  art  to  its  state  of  infancy.  It  must  bfi  confessed  that 
we  are'^almost  always  deceived  in  the  effect,  expected  from  a 
medicine.  The  cause  is  sought  in  remote  discussions  ;  but  it 
18  near  us:  who  does  not  know  that  for  several  years  there  has 
existed  in  commerce  a  great  number  of  barks  all  sold  under 
the  appellation  of  quinquina. 

Vol.  XIV.— Max  I80o.  I  Let 
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The  matcri;\     I-^*^  "S  'or a  moment  direct  our  attention  to  the  apothecarm 
ir.i«ii<'j,  hut      in  the  dcinirtmcnts,  particularly  such  as  are  at  a  distance  fnm] 

i^3rt  io\iliirI  V  I 

rjiiinquiiia.uTy  hirge  cities:    they  purchase,  without  suspicion,  these  faarU 

otttii  adulter-   porsuaded  that  they  are  buying  quinquina ;  they  make 

of  them  ;  the  operation  cannot  answer  their  intention,  ubiek 
is  attributed  to  the  disorder.  You  arc  better  acquainted  tlm;] 
I  am  with  the  consequences  resulting  from  the  use  oft  M 
article  ;  why  not  therefore  seek  for  means  to  check  theenli 
and  to  throw  li^ht  upon  so  pernicious  an  abuse  ?  Tboiigh  m 
should  not  entirely  succeed,  the  iatentioQ  would  at  least  be 
entitled  to  f:ivor. 

White  uiliow         It  is  loni;  since  the  white  willow  and  root  of  the  herbben- 
•f'tX^hfTb^'    "^^  ^^^"^^  ninkcd  nmon^  vc^eliihlos  proper  for  tannii^;  tbej 

Vwiiti-. ..  do  iiidiM.d,  po4«oss  (|ualiiies  similar  to  those  of  oak  bark;  but 

i]s  mu'TJi  as  they  ditter  from  tnis  substance  in  this  charactff, 
li\-  so  mucii  do  thoy  approximate  to  quinquina  in  nwdkiittl 
phipcrliis. 

Of  the  nark  of  IViUoxo. 
Kx-imiri  it;.vi         '|j,(»  ],;^j.j^  pf  youns;  branches  appear  to  mc  to  be  pidenUe: 

4W  Will-...  Uv.yV     .  ,        ,  ,         *  , 

Xui-y  siMnild  be  used  dry  and  broken.  The  water  wherein  tbif 
?:i'»'t:iiue  hjis  been  boiii^d,  acquiro>  a  deep  yellow  lii^,  lor- 
d  rii:^  ox\  ro<l,  which  hecomo  turbid  jis  the  liquor  cools. 

\Vlu*n  several   drcK  tions  have  been  made,  the  last  arr  al- 

V.  .ivn  I  lie  ni(»>t  enloiiri'il. 

't*   ..  'I  ti^.;.  -      'I  li!s     (Jicvdum    \\:i<  a  litter   and    verv    ronsh    taste.    It 

^'    ' ''''  r  I'l  ly  niliK'p.s  tincture  of  tnrnsol<';  is  ahnndantly  pix*cipitatvd 

ly    iIm^  M)li'tii/:i  {.){  g!uc,  anil  by  the  i-arlionates  of  potash  and 

jor  nioniae. 

jrjii.:!'.!  •. .  r         A(*t*tate   of  potnsh   and   mnnate  of  ammoniac  cause  but  % 

^'►."v'..-'  '"'*'    ^'■•i'-'M   precip;iaii«,n  ;  i^.fl^ed,   with    the  nuiiiate,  it  is  scarcely 

'*t*  '.-.■».  j  '.I*  ♦•j.tiljli'. 

If  (-.wlAiiSi-c.  r»r  prfn-h  he  a.Med  at  the  time  of  makin<*  the 
i!.  •\.--'i..n,  till-  JMiiKir  Jis^niPf- a  decprr  c'oluur.  11) is  change 
^'•••j;i<  I.)  ;\".>ii!i  from  a  ciiM  p.l':;.i!.  a:ri;t  n(  carbonic  acid,  wliicli 
l..»\;.ii  the  lota^ii  r!i^i'n':ai;:I,  cni:-  s  ir  to  act  as  an  alcali 
I'jv.i^  ihc  v-.nonriiij.  i..:i::j  '•  (.f:!.,-  !  ;;i\,  :!i;d  upon  a  portion  of 
'!ie  if^in  cii.-oivod  I'V  iIh-  \. ;»■■.•.■  ;  l"..r  iI:o  liquor  no  lon'^tr  htv 
C'Miies  tuihM  in  looiini'.  'Hir^'^  |hoJn<^meua  have  bpfri  ol)« 
I"  I'M'J  in  the  i!oi  oeiion  of  r,u'i:(;':".>a,  by  ni}iny  c!iomi&(4. 

Lnnf 
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Lime  water  poured  into  the  ihxoctam  of  willow  bark,  ihrowg 
kiwii  a  precipitate  of  u  clear  blue  colour,  which  afterward* 
becomes  fawn. 

■  Solpbate  of  iron  gives  a  dark  green  precipitate ;  if  the  de- 
coction be  very  concentrated,  it  pa^se9  lo  black,  particularly 
ID  the  latter  d<^coctions. 

Many  other  metallic  sails  arc  also  decomposed,  such  n^ 
titrates  of  mercury,  il  silxr,  acetate  of  lead,    sulpliulc  o 
Mpper,  and  antimonial  rartrite  of  pot-ash  (tartar  emetic.) 

Alcohol  precipitates  flakes  but  little  coloured,  whiUt  the 
npernatant  liquor  is  highly  tinged. 

By  cvaporatin;;  the  decochim  to  the  consistency  of  svrup,  ^*^<*'**<**'®"  <^^  ^ 

.,,,..,  ,  •       I      •      /   I        willow  bark  lit 

nd -afterwards  drymg  it  on  plates,  an  extract  is  obtamed,  dry,  f,yy^y  ^  ^\^^^^  dq. 

kiUiant,  separating  in  scales,  of  a  beautiful  red  colour,  ni-  ky  uxtiact  hlCe 

toer  deep,  of  a  very  bitter,  acerb  flavour,  and  possessing  all 

ibe  characteristic^  of  the  dry  extract  of  quinquina,  except  that 

it  attracts  very  little  of  humidity  from  the  atmosphere. 

The  alcoholic  tincture  of  willow  bark  is  of  a  yellowish  green  Alc-oholio 
rolour,    very    bitter   to    the   taste,  and     its   transparency   i*  »•»««"»*•  ••* 
listurbetl  by  water. 

The  pham^mena  froduced  in  the  dccocium  by  the  addition 
ot  minium  (if  glue  and  sul^ihatc  ul  iron  arc  also  seen  in  the  aU 
coLoKc  tincture. 

Lime  water  forms  in  it  a  bluei>h  precipitate  ;  which  proves 
that  the  bark  contains  a  small  quantity  uf  gallic  acid  soluble 
D  nlcohot. 

Lvnporation  of  :hc  alcohol  leaves  a  brilliant  substance,  of 

II  deep  yellow  colour,  and  very  bitter  ;  it   li(|uilies  in  a  gentle 

bent,  and  if  thrown  upon  hot  coals,  sends  !urth  u  thick  aio- 

Builic  smoke. 

On  considering  all   these  products,   wc  readily  recognise  -^^^  <*»«  cvpcri- 
-...,.",  Ill-  •        •  11         •    nients  oil  w  »l- 

thcir  similarity   to  those  obtamed   irons  quinquina.     iJut,  it  i^.v  bm-k  arc 

may  be  asked,  are   the   quantities  the  same?     Perhaps    we  *^^"^^^^'*''"!'^^^ 

ini^lit  answer  in  the  affirmative  ;  but  1  thought  it  unnecessar)- 

to  make  calculations  of  the  lespective  quantities,  as  they  are 

so   very  variable,  even  in  the  same  species.     Resides,  the  dif- 

6culty  of  making  such  computations  in  vegetable  and  animni 

coiiipoMtion^  is  well  known ;  1  even  believe  it  to  be  impossible 

to  obtain  similar  results  in  repeating  experiments  of  this  kind  ; 

and  tboa^h  I  have  not  mentioned  the  other  con&tituent  parts  of 

1  2  ihi^ 
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eoeiioD  of  beo- 
aefcroot. 


this  substance,  which  may  be  discovered  by  ilt  complete  Una^ 
lysis,  it  cannot  present  any  uncertainty  in  regard  to  its  pro- 
perties. It  appeared  to  me  most  essential  to  verify  the  pre- 
dominant parts,  those  which  physicians,  of  all  times  have 
acknowledged  to  possess  the  real  and  distinguished  properties* 

Of  the  Hoot  of  the  Herb  Bennct.     (Geum  urbanum,  Lin.) 
TlM  roots  of  the      As  there  are  several  species  of  the  herb  bcnnet,  I  have  men- 
^^m  urba^     tioned  the  botanical  name  of  that  which  should  be  preferred  for 
medical  purposes. 

It  is  pretended  that  the  word  hennet  is  derived  from  henidk'*  * 
turn,  (blessed,  holy);  a  name  given  to  this  plant  by  the  an- 
cients, on  account  of  the  great  virtues  they  attributed  to  it. 

Water  wherein  bennet  root,  dried  and  bruised,  h^s  been 
boiled,  acquires  a  deep  brown  colour,  yielding  an  aromatic 
odour:  its  transparency  is  disturbed  in  cooling  much  more 
than  the  willow  decoction.  In  this  it  resembles  more  nearly 
the  decoction  of  quinquina.  It  is  bitter  and  very  acerb  tathe 
taste,  and  feebly  reddens  the  tincture  of  turnsole. 

Solution  of  glue  causes  it  to  throw  down  a  very  abundant 
precipitate  ;  and  the  supernatant  liquor  changes  to  bluo,  on 
the  addition  of  sulphate  of  iron. 

Lime  water  and  water  of  barytcs,  when  poured  into 
the  decoctvnfy  cause  a  flakey  precipitate,  of  a  reddish  co« 
lour,   bordering  upon  violet. 

Solid  caustic  potash  proves  it  contains  azote ;  the  quantity 
of  ammoniac  disengaged  from  it  is  pretty  considerable,  par- 
ticularly if  the  decoction  be  concentrated.  The  liquor  then 
assumes  a  red  brown  colour. 

Carbonates  of  pot-ash,  of  ammoniac,  and  acetate  of  pot* 
ash,  added  to  the  decoclum  of  bcnnet  root,  produce  very  abua- 
dant  precipitates. 

Muriate  and  oxalate  of  ammoniac  Cciusc  but  slight  depo- 
sits. 

Sulphate  of  iron  is  precipitated  of  a  beautiful  blue  coloar, 
the  supernatant  liquor  always  preserves  this  tint,  but  not 
so  deep;  it  undergoes  no  change  on  the  addition  o(  soluium  of 
glue. 

heveral  other  metallic  solutions  are  also  decomposed  by  it 
such  as  nitrates  of  silver  and  of  mercury,  sulphate  of  copper 
and  acetate  of  lead.  l}i 


Btbitiidei  of 
tlie  decoction 
with  virions 
•feats. 


WHITE    WILLONV,   cVc.  iM 

Tlic  deposit  cniiscd   by  antimonial  tnrtritc  of  potash  Is  so  FFabit.'.uIt»:tof 

Abundant,  that  there  is  reason  to  believe  all  the  metallic  salt  tl»5  <l«-'cu*'tioa 

.  wirli  vonuiM 

is  decomposed.     The  supernatant  liquor  is  without  colour :  ag^nu. 

liydrwulpi:uret  oP  pot-ash,   added   in   whatever   proportion, 

caum  no  red  precipitate. 

Tiio  liquor,  separated  from  the  deposit,  and  filtered,  no  lon- 

jer  possesses  its   Litter  nor  acerb  flavor  ;  it  reddtns  tincture 

of  turnsole  more  deeply  than  the  soluiiun  of  i.irtjr  emetic,     it 

itill  gives  a  precipitate  with  sulphate  of  iron,  but  of  a  green 

colour  instead  of  blue;  and  is  notatlected  with  solutum  of  glue. 

From  these  experiments,  it  nir.y   be  concluded,  that  the  ex- 

tmctive  colourini;,  resinous,  and  tannin  matter  is  what  causes 

the  acerb  and  bitter  flavor,  and  combines  with  the  oxide  of  an- 

'timony ;  and   that  the  substance  which  remains  in  the  liquor, 

and  gives  a  green  colour  with  sulphate  of  iron,  is  a  particular 

add. 

M.  Vauquelin  attributes  this  effect  in  quinquinn,  rhnlmrb, 

and  root  of  calaguala   (the   latter  of  which  he  has  juNt  exa- 

mined),  to  the  resin  contained  in  these  substances :  but,  I 

'think,  that  the  green  colour  with  sulphate  of  iron,  may  be  a&* 

'  tribnted  to  a  modification  of  the  sallic  acid. 

TTiisi  acid,  so  modi^cd,  exists  in  a  number  of  vegetables, 

which  contain  tannin,  ns  is   proved  in  my  researches  on  this 

rafastance :  it  is  found  in  the  catecher,  the  arnica,  and  mp.ny 

olher  vegetables,  ninked  among  tanning  matters. 

The  extract  obtained  by  evaporating  the  (Utoctam  cf  bonnet  ^'''^■«<^  of 

,.        ^  °  net  ruo?. 

root,  is  so  analogous  in  its  characteristics,  to  iho^o  of  quin- 
quina, that  much  experience  is  necessary  to  enable  u:»  to  dia- 
tinsuish  one  from  the  other. 

If  lime  be  thrown  into  a  concentrated  solution  of  this  ex- 
tract, a  disengagenuMit  of  ammonia  takes. 

Alcohol  also  acts  upon  this   root,  and   received  from  it  a  ■^*'*2^*^**r 

*  *  iiiii*ture<if 

brownibh   tint,  but  not  (piiie  so  deep  as  that  which  it  acquires  bennetroji. 
from  good  quinquina,     its  taste  is  bitter  and  actid,  water  dis- 
turbs its  transparency,  and  it  reddens  the  tincture  of  turnsole. 

Lime  water  causes  a  more  abundant  precipitation  than 
with  the  alcoholic  tincture  of  quinquina,  a  circumstance  which 
proves  thi^  root  to  contain  more  tannin  and  gallic  acid,  but  a 
little  less  resin  than  the  true  quituiuina. 

The  solution  of  tartar  emetic,  isecju-illy  decomposed  by  this 
llncttire*     Sulphate  of  iron  also  gives  from  it  a  (iae  black  pn^- 

cipilatc* 
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ripitatc,    wlio-c  cohiur    may    be   ronilcrfd  more  intriiv,  bj 
the  aildilioii  ot  u  lew  (ilu))^  of  oxi^c-iiatoii  muriatic  acid. 


Pc<"nir<if'n.  Tlic    P-xpoiiincnts    iiUnvc    reported    on    willow     Lark  aoi 

Th'uill'iw,       bciiiiL't  root,  prove  the  identiiy  "f  ihcse  substances  wilb  quia- 

«-•»  ro.it,  n*-      quiiia  ot  the  best  qualil y. 

•t-iiiMu  »iiuii-         ^  simple  comparison  will  determine  our  ideas  on  tbis  sub- 
jcct. 

It  would  1)0  nu^ntor\  Iumc  to  det;nl  tbe  companitirc  cxprri- 
inents  mnde  upon  quir.quina  and  the  hsi i kN  sold  under  (Imt 
name  ;  th;;  latter  are  ^o  far  from  posbesi^in;;  its  characteristic 
and  chemical  properties,  that  too  much  care  en miot betaken 
to  avoid  them;  and  I  am  at  a  loss  to  concei\e  irhyneani 
have  not  been  adopted  to  prevent  their  sale  as  mediunaiaz- 
ticles. 

5iat;Tm»i?  of         '^^*^  following  are  the  most  striking  phenomena  vhichi 

ti.t' ia<rs <»l>-      ba\e  observed  in  quinquina: 

sriviMl  ii  «iuni-      -,       ,  .   .  1-1  1  1       I  _!■ 

^uiua.  "he  decoction  precipiiaies  glue,  is  decomposed  by  aicvioe 

carbonates,  renders  the  emetic  solution   turbid,  and  giv«« 

green  precipitate  with  sulphate  of  iron. 

Deeociiuii^  of  white,  willow  bark,  and  of  bennet  root,  pre- 
sent similar  plienomena,  except  that  bennet  root  yields  a  blue 
precipitate  wiih  sulpliate  of  iron. 

The  alcoholic  tincture  of  (|iiin(iuina,  differs  from  those  of 
willow  and  ixTiUct  roof,  only  in  po^ses^i:lg  a  deeper  colour.  . 

Aqueous  si:i:l  dry  rxtract  of  cjuinquina  seenjs  to  me  to  prr- 
sent  similar  characters  wiili  willow  and  bennet :  tiiatofui!- 
low,  however,  attracts  kss  moi>lure  fiom  the  :iir. 

It  ».?»«  «  litt1<r  '^  ^^  exident,  therefore,  that  the  (»nly  dillerencc  consists  in 
wKiTv n  'Hj  rJian  a  triple  more  of  re^in,  which  varies  ucconliuL;  to  the  speciii 
ir-.i'.v  i-\a-'  *^^  quinquina,  and  the  method  <d  n^a^ll•.;;  the  extract,  Wlml 
•uHcd.  is   now   called   in  commerce,  ijood  (|ain(|uina,  d'lfers  but  \cry 

Jillle  from  these  two  si.hsiances,  paiiit.alarlv  bennet  root. 

We  may  conclude,  that  the^e  iniii;;ei!ous  ve;;;  tables  con- 
tain, like  (uiinquina,  chieliy  tannin,  a  colouring  extractive 
matter,  re>in,  and  an  acid,  wliich  I  .suppose  to  be  a  modified 
gallic  acid  in  willow,  (ii:in(|uiiin,  and  the  other  substances 
above-mentioned,  whilst  it  ia  gallic  atid  in  the  rootoftki 
herb  bonnet. 
T.v«-oinpr>!i-       ^t  '"^y   ^^  observed,  by  the  foregoing  exposition,  thai  my 

f,n  \^  iif»i  a  ra  Q'yoct  has  nut  been  to  enter  into  a  regular  analysis  of  thfcc 

*■■«,'  .r  ;iii.»;  Vfti-s. 
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ivo  substrvnccs,  which  could  have  iviulcred  no  service  to  the 
mt  of  healing  ;  but  to  ascertain  by  coniparative  experiments, 
whether  the  properties  already  attributed  to  willow  bark  and 
bcrjict  root  arc  well  founded,  in  order  to  induce  my  colleagues 
to  apply  them  in  practice.  Should  the  society  think  this  ob- 
ject worthy  its  attention,  I  would  recommend  that,  l»esidcs 
the  appointment  of  a  committee  to  examine  and  report* 
it  should  engage  itb  members  to  employ  these  two  substances, 
and  to  communicate  to  it  their  observations.  Several  physi- 
cians have  already  prescribed  the  decoction,  in  the  manner 

following : 

Take  root  of  the  herb  bennci,  or  bark  of  white  willow,  PrescrqiAicNi  «f 
dri<Hl  and  bruised,  one  ounce,  boil  it  in  a  pint  and  a  half  ^*^j^j||Jj^]JjJ[J^ 
(trois  chopincs)  of  water,  to  the  reduction  of  VI  ounces. 

Add  muriate  of  ammonia  from  half  a  drachm  to  a 
drnchm,  and  syrup  of  orange  peel,  one  ounce.  A  glass, 
(probably  two  ounces)  to  be  taken  every  hour. 

I  do  not  know  if  either  of  these  substances  have  been 
used  either  in  the  powder,  or  with  opiates,  or  by  infusion  io 
wine,  or  by  the  alcoholic  tincture  mixed  with  wine.  It 
would  likewise  be  interesting  to  ascertain  what  effects  would 
result  from  the  external  application  of  tho  decoction,  or  of 
its  other  preparations,  in  cases  where  quinquina  is  usually 
proscribed. 

Were  I  permitted  to  deliver  an  opinion   upon  the  medici- ''^'^^ '^ '* '* 
nal  virtues  of  the  herb  bennet,  I  should  be  di'^poscd  to  ascribe  fvr;iU«\ 
tiie  febrifu.;e  quality  to  it  in  a  greati  r  degree  than  to  the  wit-  <':><' ^  :>'»'l  "^ 
low    bark  ;  for  there  are  few  substances  whose  chemieal  cha- 
racters have  more  analog)'  to  those  of  quinquina  :  the  same 
observation  may  be   made   respecting  the  baik  of  the  Indian 
chesnut-trce,  (marronier  d'lnde)*. 

•  The  Society  of  Medicine,  aflcr  hearing  this  Memoir  rend, 
appointed  Messrs.  Lafifse,  Emcnnot,  Double,  DcguiM,  wvA  Dv;^K• 
gcnneites,  to  make  comparative  trials  of  die  administration  of  white 
willow  bark,  root  of  the  herb  bennet,  af»d  quinquina.  Tbev  were 
expressly  commi't>ioncd  to  examine,  wiih  a  view  to  verity,  the  fe- 
brifuge, tonic,  and  even  antiseiric  qualities,  which  Stoll,  Cullen, 
Will,  Gunz,  Buchave,  and  other  Danish  physicians,  havcaini- 
buttd  to  these  substances,  evi-n  in  preference  to  quinquina,  ac- 
coiding  to  some  of  their  observations. 

(Sote  of  AL  Scdillot,  Stcnta/y  General  to  the  Socicry  of 
Uedtcine.J 
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Explanation  of  Timclcepcrs,  constructed  by  the  late  Ms« 
Joiix  Arnold  ;  for  ukicA  a  llctcard  of  £3000  was  gam 
by  the  Board  of  Longitude  to  hU  Son  Mk.  J.  R.  Arkold. 
J'lxtractcd  from  the  Account  dcliva'ed  by  the  latter  to  the 
Commis8iuncr6  •* 

The  measuring  JL  CONSIDER  the  clironomctrical  part  of  the  timekeeper  to 
parts  in  a  time- be  confined  altogeiher  to  the  balance  sprin«^,  the  balanccp 
baTanci!  sprinr,  3»d  the  escapement.    The  other  parts  arc  no  more  than  a 
tlie  baiaiicf*,      good  horizontal  movement,  which  may  be  of  any  dimcn* 
ciuvnic  T'      "0"s  from  two  inches  and  a  half  in  diameter,  to  five  or 
niore^  ar.d  of  proportionable  depth,  and  may  be  constracted 
to  go  a  day,   a  week,   a  month,  or  even   a  year  (thoogh 
the  last  nifiy  nut   be  quite  so  well)  at  the   option  of  the 
maker* 
Sn«pfn«ion  of      [About  three  pages  next  following  are  employed  on  i 
•u»i«iaeceon  (description  of  .the  train  and  construction  of  the  box  time- 
keeper ;  m  which  there  is  no  singularity  asserted,  cscrpt 
that  the  spring  of  the  bnlnncTe,  which  is  Jielical,  is  raaJcto 
exert  a  power  ciuKvays  or  cdi^cwi^^c,  to  such  a  degree,  as  Tcrf 
nearly  to  support  the  weight  of  the  bnlance  when  quiescent, 
and  actually  to  cause  its  upper  pivot  to  press  against  the 
potcnce,  when  the  rc-action  of  t!ie  spring  is  near  its  maxi- 
mum.   By  this  means,  as  the  writer  observes,  a  considcraUo 
degree  of  tVietiun  is  avoiJcd.] 

Of  the  Balance  Syrinx  -utt/i  the  Modi*  of  rcnderin<r  if  Isochrth 
nal^  or  of  adjusting  the  loirjr  and  short  x-ircs  of  f'ibratioH  of 
the  Balance,  The  I'erjna  long  .'tns,  and  .short  Arcs,  large 
ArcSf  and  ^/nail  Arcs^  are  used  indifferent  It;, 

Bnlance  The  balance  spring  may  be  made  of  steel  wire  hardened 

!!«'i"!!i'c.'*^  T'^  '  ^"-1  tcmptrc-d.  of  stpcl  wire  hard  rolled,  or  of  or«>ld  wire  alloy- 
gaJd  i  ed  witli  copper.     Steel  wire  hardened  and  tempered  is  the 

*  Dated  March  5,  1805.  The  wonls  of  the  writer  are  rotniued? 
and  the  paper  no  otherwise  s!io:tcncil  than  by  uuiittiiig  vihnt  re- 
fers to  ^ic  movcnjciit.  N. 

most 


most  elastic — then  gold^  and  lastly,  steel  wire  hard  drawn. 
Springs  composed  of  either  the  above  substances,  if  the  mate- 
rials be  good>  will  answer  the  pnrpose.  The  quantity  of 
copper  alloy  put  to  the  gold,  has  been  found  to  answer  in  tho 
proportion  of  from  one  eighth  to  a  quarter,  and  many  o.her 
proportions  may  probably  do  as  well.  The  form  of  the 
spring  is  helica],  or  cylindrical^  except  for  a  portion  of  the 
turn  at  each  end,  where  it  is  curved  in,  and  fastened  at  an 
equal  distance  between  its  centre  and  circumference,  see 
Plate  II,  Fig.  '2,  Were  not  tliose  turns  to  be  curved  inwards,  — **>«  ^»*^«  *■« 
but  left  of  the  same  diameter  with  the  others,  the  spring 
would  not  have  its  present  easy,  concentric  motion,  but  on  the 
contrary,  would  jolt,  wabble,  and  be  distorted.  Whether 
the  balance  vibrates  an  arc  of  "230  degrees  from  its  point  of 
rest  in  its  forward  direction,  and  re-vibrates  QDO  degree^ 
in  its  backward  direction,  making  together  46o  degrees,  the 
cylindrical  figure  of  tlie  spring  is  still  preserved. 

Upon  the  length  of  this  spring  depends  the  isochronism  of  I«ochro«ifm 
the  vibrations  of  the   balance,  and  in  every  spring  of  a  \e^^  ^  ^*^ 
sufficient  length,  there  is  a  place  where  all  the  vibrations, 
long,  short,  and  intermediate,  will  be  performed  in  equal 
times. 

When  the    timekeeper  is  first  set  goinjr,    and  always  •*^«n»i-7»l>ra- 

,.       ,       ^         ,        .  ,  .        .  ^        ,  ;     tions  from  180* 

immediately  after  cleanmg  and  putting  into  good  order  ;  the  to  'JGO**. 
main  spring  pulling  with  all  its  force,  the  oil  applied  to  the 
pivots  clean  and  good,  and  every  part  performing  its  func- 
tions to  the  gfcatcst  advantage  j  the  balance  may  Vibrate 
from  180  to  '2. 50  degrees  from  the  point  of  rest,  according  to 
the  power  of  the  main  spring,  and  the  irrlative  weight  of  the 
balance.  The  balance  also  re-vibrates  on  the  other  side  of 
the  point  of  rest  nearly  the  same  arc,  but  here  we  only 
reckon  the  vibration  on  one  side. 

From  continual  exertion,  the  main  spring  will  undergo  They  fall  ofl; 
some  diminution  of  its  original  power,  and  very  great  resist- 
ance will  be  created  from  the 'thickening  of  the  oil,  and  from 
the  accumulation  of  dirt,  so  that  at  the  end  of  a  long  voyage, 
suppose  three  or  four  years,  the  arc  of  vibration  of  the 
balance  will  gradually  decrease  from  5230  to  probably  130 
degrees,  and  so  on,  till  in  time  it  will  come  to  rest.  From 
which  it  must  be  evident  that  if  the  different  arcs  from  230 
to  1 30  are  not  all  performed  in  equal  times,  a  great  irregu- 
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tmct  or  become  smaller  by  cold,  and  instead  of  compensatifli^ 
thef  error  of  the  spring,  it  would  add  to  it.) 
.AHjii^tment  of      The  balls  ggy  being  made  of  equal  weight,  may  1w  placed 

!iov^n!r?he  ^^'  ^^  ^^^  ^"^  ^^^^*^  ^«P*  *'  ^'  ^"^  ^^***^  timekeeper,  being  io  a 
piro^  :!f  rhc  situation  where  the  thermometer  will  rise  to  JOOdegreei 
cutis  of  tlic  Q,.  more,  should  ffo  faster  than  when  placed  In  another  ntnt- 
tion  where  the  thi'rmomoter  will  fall  to  32  degrees  or  lower, 
it  is  a  proof  that  the  expansion  pieces  do  too  much,  and  that 
the  balls  arc  too  heavy.  Supposing  this  to  be  the  case,  screw 
die  balls  up  close  to  the  ends  of  the  expansion  pieces  at  if, 
and  their  effect  will  be  less;  because,  notwithstanding  the 
same  degree  of  heat  will  occasion  the  expansion  pieces  to  move 
inwards,  the  same  quantity,  or  to  describe  the  same  angle 
from  r,  yet  the  balls  will  move  through  less  space  at  H  than  at  e • 
For  it  is  evident,  that  if  they  could  slide  up  to  the  ends  of  t"*" 
expansion  pieces,  next  to  the  arms  of  the  bal  mce,  tb"  <  .'A 
not  move  at  all,  or,  at  least,  their  motion  co"]1  not  b  •"r- 
vcrcd  by  any  effect  that  it  would  prr.duce.  It  ihe  ''ti-  /eper 
still  gains  in  heat,  reduce  the  balls,  anJ  jltcw  iii.  *.  [^^xot 
again  to  </.  In  the  neswt  trial,  should  it  lose  in  h'MC  more 
than  in  cold,  contrary  to  what  it  did  before,  it  is  a  proof  that 
the  expansion  piccos  do  not  do  cnoug  »,  r.ud  the  balls  must  be 
unscrewed  toward  the  end'i  of  the  tnps  at  r,  uiitil  it  keeps 
the  samp  time  in  hcit  as  in  cold.  It'  i!ie  biiUs  being  at  the 
ends  do  not  do  ciiou^h,  and  the  timekeeper  still  loses  in  heat, 
increase  their  si/e  until  the  adjustment  is  brought  within 
the  compass  of  the  length  of  the  taps,  where  there  is  gene- 
rally room  sufficient  to  roiTcct  for  a  minute  of  difference 
in  heat  and  cold  per  day.  15y  sc  rcwinij  the  balls  up  and 
down,  it  may  be  soon  seen  how  mucii  nf  error  two  or  three 
turns  will  correct  in  a  given  pme,  and  by  that  means  disco\'er 
their  proper  sitliation. 

0/ Posit  ions,  or  the  Mode  of  arfji/sf--^^  ihr  Timdrrpcr  to  ^o 
a/ikc^  or  near  I  if  w,  in  fi'/ffTinf  Positions. 

I 

Method  of  ad-      The  long  and  short  vibrations  being  .idjtisted,  and  also  the 

laiicc  so  ;is  to    ^^^^  ^^^  ^•^^'^'  ^  ^^^^^  "^^^  ^^c^'  ^^^  ^^  jd'iust  the  different 
make  i-qu.il  vi-  positions.     Lft  US  suppose  that  the  two  mean  time  screws 

pu>irionJl"  **      *^'>  ^'^'^^c  1'^'  ^'^o-  ' » ^^'^'^^  ^^^^  balance  is  at  rcot,  stand  at  those 

points 
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p»  ..  -5  where  the  hours  I'J  and  (i  arc  iniirkcil  u|  nn  t!i''  «UrtI 
r.L  r.',  and  that  the  two  side  screws  ft,  tUnd  at  tho-r  points 
>RLcrc  the  hours  i)  and  :3  are  marked.     It   the  tini»*keopcr  Tlienile  hrre 
should  go  faster  with  the  hour  12  highcM  (or  vertical)  ^^^^^y^'!'!^^^^l^J^ 
with  the  hour  (i  highest,  screw  in  the  screw  h  a  little  at  tjie  crftr^  vi' ^rroilft, 
hour  (»,  and  unscrew  the  opposite  screw  at  the  hour  1?,  the  [l^^J^j!^^^^^^^^ 
same  qiuintity,  if  it  should  lose  most  in  that  position^  do  just  0/  ^r/rr/  /.k 
the  contrary.     The  same  rule  is  to  be  obsci\cd  with  respect  7*''*'^*'*  ''^''• 
to  the  hours  y  and  3,  by  the  two  side  sciews  //.     It  may 
howcrvcr  happen  that  the  balance  will  not  preponderate  at 
eiHier  of  these  four  points,  or  that  t'lc  screws  may  nrt  be 
sulilcicntly  powerful  to  cftcci  the  purpose.     In  this  case  for 
tht.  positions  1*2  and  (t,  by  unscrewing  a  little  one  of  the  baUs 
g-g,  and  screwing  in  the  other,  we  miy  surceed  j  but  this 
method  should  not  be   practised  in  superior  timekeepers, 
because  by  so  doing,  it  will  occasion  one  expansion  piece  to 
act  more  than  it  ought  to  do,  and  the  other  less,  and  destroy 
that  equality  of  expansion,  of  weight,  and  uf  distance,  which 
the  very  word  Ijafanci-  informs  us  ought  to  be  preserved.    To 
rebacdy  this  ]ncon\c'uicncc,  another  method  has  been  contriv- 
ed, by  which  the  balance  may  be  rendered  of  equal  weight 
while  the  balls,  the  screws,  and  every  opposite  part,  are  at 
equal  distnuces  from  the  centre.     Let  the  balance  be  made 
with  a  light  rhig  .ni  (as  in  Fig. I, PI. II.)  within  the  expansion 
pieces.     Let  there  be  three  light  ciiunl  weights  Ui/,\  which 
by  a  screw  in  each  may  he  fixed  upon  any  part  of  the  ring , 
then  having  adjusted  the  long  and  shcri  vibrations,  ana  the 
heat  and  cold,  and  having  the  mean  time  screws  at  equal 
distances  from  ihe  centre,  and  tlie  hnlls  at  equal  dif-tanccs 
u[)on   the  tnps  (there  will  be  no  ocoa^ion  for  side  screws), 
try  the  timekeeper  in  ditVcrciU  positions,  and  in  a  very  {c\sr 
trials,  by  niuviiv;  the  weijrhts  upon  dilVerent  parts  of  the  ring 
the  positions  may  i)o  adjusted  very  accuratcdy.     'ihe  weights 
may  be  brought  all  to  the  same  part,  and  the  balance  madr 
to  prqwndcrate  in  any  given  point,  and  none  of  the  oilirr 
adjustments  wiil   be  allleted   by  it,  and  the  weight??,  upon 
whatever  parts  of  the  circle  they  may  be,  will  still  remain  at 
an  equal  distance  from  the  centre.      Having  adiu^-ted  f(*r 
long  and  short  vibrations,  heat  and  ct^d,  and  y>ositions,  it 
remains  only  to  regulate  lor  mean  time.     Should  tin:  time- 
keeper gain,  increa?»c  the  diameter  of  the  brilazire  by  dra^  injj 
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out  an  equal  quantity  of  \l\e  (wo  mean  time  screws  M,  ui 
should  it  lose,  decrease  the  dtainctery  by  screwing  in  an  eqmi 
qnaiitity  of  the  same  screws.  This  adjustment  does  ndt 
aflect  for  tliat  heat  and  cold,  because  these  screws  are  onooD- 
nect.'d  wi:h  the  expansion  pieces,  nor  will  they  affect  the 
positions,  if  they  arc  boili  turned  (he  same  quantitVj  and  die 
tups  of  tlic  same  thread. 

0/  the  Eiicapemett(» 
T)rftcrip4ion  Fig.  5,  represents  the  escapement  wheel,  [supposed  to  be 

thr  d^rdK'il  ^'"o^''^  to -motion  by  the  train]  the  tcctb  of  which  are  of 
e9i\ipimititas  a  cycloida]  shape,  and  whu:ie  upper  surface  lowiids  the 
Arulw*^  extremity  prostuts  to  the  view  a  triangular  funn*  two  sides  of 

which  are  described  by  right  lines,  and  the  other  by  a  cjdoi- 
dcil  curve,  which  in  the  principal  part  of  action. 

In  this  plan  the  whole  of  the  eycn()cment  wheel  is  thrown 
open  to  view  5  BJhI  the  C3c:iFe:nent  or  locking  springt 
.htrcwcd  fast  by  its  end  C  to  the  pillar  D,  and  CT^tendiog 
from  C  to  //  in  tl\c  directio!!  (.  HXBd.  The  centre  of  mctioi 
.  of  this  spring  is  between  (  and  X,  the  part  XUd  being  more 
substantial  than  the  \riit(  !L\\  and  into  which  part  between 
iV  and  B  is  fixed  the  locking  pieee  r/,the  locking  piece  or 
locking  pailaL,  whose  aetinc;  surface  i.^  n  jewel  (scc  also  Fig. 
1,)  placed  between  .V  and  H  and  opposite  the  end  of  sn 
iidjusilng  screw  /',  whieh  palhit  descending  from  the  escape- 
ment sprinc:,  locks  i:|;on  the  interior  angle  of  the  tooth  'J,  and 
upon  every  tooth  in  succc>si(»ii,  suspending  the  motion  of  the 
cscapewent  wheel  for  a  time,  and  leaving  the  balance  to 
vibrate  wiihoul  interruption  from  any  part  of  ihc  niachincr}'. 
It  is  to  be  observed,  that  the  triangular  parts  uf  the  teeth  of 
the  wheel  AAA,  the  v^lieel  being  hollo\sed  or  sunk, are 
raised  alx)ve  the  periphery,'  of  the  wheel  to  meet  the  locking 
piece  Oy  so  tliat  npon  viewing  the  wheel  edgewise,  >cc  Fig.  5, 
ihe  Iceth  will  ai^pear  bromler  than  the  edge  of  the  periphery 
h.  In  Fig.  i).  the  locking  pallat  a  being  in  contact  with  the 
tooth  2,  is  noC  so  well  distinguished  as  in  Figures  6,  J,  and  8, 
where  it  appears  very  plainly  over  the  periphery /»,  of  the 
wheel  in  the  interval  bet  wren  the  teeth  1  and  '2. 

Fig.  -1,  gives  a  view  of  the  escapement  spring  reverj.cd,  and 
Fig.  y  explains  upon  a  large  s^c;ilc  tlie  figure  of  the  locking 
f  Ilcc,  which  is  angular,  iuljoiuing  that  p;irt  of  the  siraii;ht 

tilgt 


TISIERKEPEK8.  "J^l 

edge  where  the  locking  is.  eflfected.    Was  this  angular  part  Description 
to  be  left  square,  like  the  opposite  end,  it  might  s^"^®*?f  jjf^?*JJ^ 
;]gainst  the  interior  angle  of  the  tooth,  as  the  escapement  etcapomcntas 
spring  returns  to  its  place  against  the  adjasting  screw,  after  *'<"**'™****1  *F 
having  unlocked  or  discharged  the  wheel*  but  by  being  of 
this  figure  it  clears  itself. 

Ne  the  discharging  or  unlocking  spring,  which  is  attached 
to  the;  escapement  or  locking  spring  at  N,  and  passes  under 
the  adjusting  screw  F,  a  little  beyond  the  end  ^  of  the  locking 
spring.  This  discharging  spring  is  made  very  slight  and 
delicate. 

f  the  adjusting  screw  supported  by  the  piliar  g*,  whose 
end  is  opposite  k)  the  locking  piece  or  pallet  u,  on  the  con- 
trary side  of  the  escapement  or  locking  spring,  and  by  which 
the  lockicig  piece  or  pallat  <?,  may  be  more  or  less  advanced 
upon  any  tooth  of  the  wheel;  the  escapement  spring  BBd 
always  pressing  the  locking  pallat  a,  against  the  end  of  Ihe 
aerew  F,  except  at  the  time  of  unlocking  the  whed. 

0,  The  unlocking,  discharging  or  small  palla^  whose 
part  of  '^r{'.:„-i  I:s  a  jewel.  This  pallat  when  the  balance  is 
2U  motig'ii,  presses  against  the  end  of  the  discharging  spring 
at  t\  and  passing  on  in  a  diiection  from  e  to  J,  carries  with' 
it  foi  a  short  space,  the  discharging  spring  Ke,  and  also  the 
lockini^  spring  />/>V/,  moving  them  both  at  the  same  time, 
ai:d  in  so  doing  carries  the  locking  piece  (t,  from  off  the  in- 
terior an^lc  ot*  the  tooth  Q,  (or  any  other  tooth  which  may- 
come  into  that  situation)  and  leaves  the  wheel  at  liberty  to 
impart  its  power  to  the  impelling  pallat.  But  when  the  ■ 
balaiK:c  returns,  and  the  unlocking  pallat  o  repasses  the  dis- 
chart;ing  spring  Kc  in  a  direction  from  d  to  r,  it  does  not  in 
the  lca*t  (litturb  the  locking  spring  BBd,  nor  conscijuently* 
the  locking  piece  or  pallat  a,  but  moves  only,  and  for  a  short 
space,  the  unlocking  spring  iVe.  HUH  The  impelling  or 
large  pallat,  whose  part  of  action  is  at  the  angle  ;w,  where  a 
jew^^^l  is  placed.  Upon  the  exterior  of  this  angle  the  pallat 
receives  its  impulse  fmm  the  cycloidal  part  of  the  tooth  of 
the  escapement  wheel.  The  circumference  of  the  pallat  is 
incomplete  from  a  portion  being  cut  away  to  make  room  for 
the  action  of  the  teeth  of  the  wheel. 

X.  is  a  circular  hole  under  the  periphery  b,  of  the  escape-^ 
ment  wheels  over- the  centre  of  which  the  tooth  2  appears^ 

and 
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D(<prip(ioii      ^"'^  t'»^  locking  piece  or  pallat  a.     The  t^^o  springs  BW 
aiid  t  iiv.'rt«  of    and  AV  p»?(s  over  it.    This  hole  is  made  through  the  hnw 
e^u^ntM  plate  QQUQ,  through  which  by  inverting  the  escapcnieiit  the 
roBstnutL-d  by  manner  in  which  the  locking  piece  a  holds  the  tooth  S  (or  • 
ATBoia,  ^^y  other  tooth   in  succession)  of  the  escapctneat  wheel 

may  be  seen. 

The  impelling  pallat  JlJffI  is  sup|)05ed  to  be  vibrating 
freely  from  /-  to  ^S ;  here  it  is  perfectly  detatched,  or  at  liber« 
ty  from  the  escapement  wheel ;   as  will  be  seen  by  observing 
that  the  unlocking  palbt  o  is  not  in  contact  with  the  dis- 
charging spring  Xe,  nor  arc  either  of  the  teeth  3  or  4  of  the 
wheel  in  contact  with  the  impel lii^g  pallat.     The  balance  or 
till!  impelling  palint  (for  they  are  both  up<)n  the  same  axis) 
vibrating  from  r  to  S,  the  discharging  pnlhit  o  comes  in  cod- 
tnct  with  the  discharging  spring  Nc,  see  Fig.  6,  (and  from 
that  instant  it  is  not  detached  or  free,  but   in   the  act  «f 
escaping)  and  moving  it  in  the  direction  from  e  to  d^  (ako 
file  locking  pallat  a  from  off  the  intexior  an|;le  of  the  tooth 
*it  and  sets  the  escapement  wheel  at  liberty  for  the  tooth  5 
k>  net  upon  the  angle  m  of  the  impelling  pallat.     Here  tbe 
tooth  '2  will  be  seen  to  have  parsed  the  locking  piece  ff,  and 
the  tooth  1  to  approach  it.     Tl.e  tooth  3  pressing  the  im- 
pelling pallat  from  /•  to  .S",  aiul  con  inuing  to  do  so  as  in  Fig. 
7f  w'lierc  the  centre  of  the  escapement  wheel,  the  angle  iw> 
of  the  impelling  p;illat,  and  the  centre  (i  of  both  pallats 
form  a  straight  line.     This  action  of  (he  whtel  upon  the 
pallat  continuing  a«  in  Fig.  S^  where  the  point  of  the  tooth 
;}  is  about  to  quit  the  angle  m  of  the  impelling  pallat,  the 
tooth  i2  approach  in  i;  nearer  to  tiic  circumference  of  the  same 
pallat,  and  the  tooih  1  advancing  toward  the  locking  piece 
or  pallat  a,  against  which  it  tails,  and  is  held  fast,  as  soon  ai 
the  end  of  the  tooth  :>  quits  the  ini]K'IHng  pallat.     Here  the 
act  of  cscajMUj;  ends,   auvl  the  inipcllinL;  pallat  is  again  dc- 
fatchcd  or  unooiinjclcd  wiih  the  wheel,   and  moves  in  fnrc 
vibration  as  mi  Fig.  ;3,  for  a  certain  number  of  degrees,  until 
it  is  re  turned  by  the  power  of  the  balance  sprini;  and  repas- 
ses from  .S  ti>  r,   sfili  inilepe.ndcnt  of  the  escapement  wherl 
or  of  any  thin.;  -Uf\   exi.  pi  the  ver)^  little  resistance  which 
i%  enciu3».tcn  d  i.y  the    liM-liarging  pallat  o,  in  Repassing  the 
di-ehaiging  .^p^irij;  -Vr,  which  it  does  without  dibturbing  the 
lyckini:  r/f.jt  a,   ■■r  consequently  the  escapement  wheels  and 

con- 
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^ntihuiiig  for  a  certain  numtcr  of  degrccpi  is  again  return- DoKrfptiwi  ' 
fxl  by  the  balance  spring  from  r  to  S,  when  reaming  its  si  J^^  drtScbed  ■ 
tuation,  it  is  prepared  to  act  as  before.  edcapcimiit  m  • 

It  may  be  proper  to  remark  that  the  action  of  th6  tycloi-  ^j^^*^  ^^ 
dal  tooth  upon  the  impelling  pallat  is  always  the  same,  in 
the  bi'ginning  as  in  Fig.  6\  in  the  middle  as  in  Fi^.  7,  and 
at  the  end  as  in  Fig.  8,  impelling  the  pallat  with  the  same 
quantity  of  surfecc  in  action  at  all  times,  and  at  all  timi^a 
equidistant  from  the  axis  of  the  pallet.  This  however  de* 
pc^nds  upon  the  tooth  having  the  true  figure. 

The  proper  shape  of  the  cycloid  is  found  in  the  following 
manner.  Having  a  plate  of  smooth  metal,  fix  upon  it  a 
piece  of  brass  the  size  of  the  intended  cscapemeiK  wheel,; 
which  call  the  false  wheel.  Then  take  another  piece  of 
brass  the  size  of  the  intended  pallat,  which  call  the  falae 
pallat.  On  the  circumference  of  the  false  pallit  fix  a  fine 
steel  point,  and  then  rolling  the  false  pallat  upon  the  cir- 
cumference of  the  false  wheel,  the  steel  point  will  describe 
a  line  on  the  plate,  which  will  be  the  proper  curya,  in 
which  shape  the  tooth  must  be  cut  by  an'  engine.  The 
L'lrger  the  pallat  in  proportion  to  the  escapement  wheel,  the 
less  sudden  the  cycloidal  curve  will  be,  and  the  smaller  the 
pallat  the  more  sudden  ;  so  chat  an  escapement  wheel  which 
has  15  teeth,  with  a  pallat  of  a  proportionable  diameter,  will 
have  its  teeth  of  a  very  ditferent  shape  to  those  in  a  wheel 
which  has  only  12  treth»  because,  in  one  case,  the  pallat  is 
half  the  size,  and  in  the  other  it  is  little  more  than  one 
third. 

The  size  of  the  pallat  depends  upon  the  number  of  teeth 
in  the  cscapcfment  wheel.  The  radius  of  the  pallat  should 
be  equal  to  the  distance  between  any  two  teeth  of  the  wheel, 
dnd  then  their  relative  motion  will  be  equal.  If  the  whieel 
has  twelve  teeth,  the  radius  of  the  pallat  will  hie  thirty  de- 
grees, mcivsured  on  the  diameter  of  the  wheel,  and  its  dia- 
meter sixty  degrees,  nicasurerl  in  the  same  manner,  which 
will  make  it  half  the  size  of  the  wheel.  If  it  has  thirteen 
ttreth  the  pallat  will  in  diameter  measure  fifty-five  degrees 
and  a  half.  If  fourteen  teeth,  fifty-one  degrees  and  a  half; 
and  if  fifteen  teeth,  which  is  the  number  generally  applied 
to  pocket  time-keepers,  it  will  be  forty-eight  degrees. 

The  Marine  Timekeeper,  which  has  been  here  doiicribcd,  Quickno^  of 
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imi^  t«  bat  half  sccomK  the  laltnce  nuUng  !j44t  n- 
f.  bntien*  both  <raf*  )n  a  minuie.    Foe  if  the  laliiaK  whrl 
bn   1 5  teeth,  the  faotih  vhed  80  leetll,  ud  ihc  faoJiocr 


It  ii  .itso  made  with  the  Mcapenimt  whwl  erf  I'J  imh. 
the  balance  pinioo  having  7,  and  the  fouitli  —' — '  "" 
seqaentljr  dtere  will  be  IW  beats,  m  haU 
miouteat  before.     It  has  bBtn  alremlyir' 
pallal  for  12  l«th  mmt  be  half  the  diametc-  ...    ;.,.  .. ,.     , 
sad  A»  1 5  teeth  dve>lweirtfa«,  or  fiAy  degree*. 

The  pocket  timekeepers,  that  they  may  nof  be  ffltfarbf.l 
h^DMitJon,   have  what  if  called  a  quicker  train,   ibcic:     '. 
hand  nuking   l.^iO   beau  upon  tlie  <ha],   <^' 
aeronds.    The  wcapement  wheel  ha*  IS  b .  ■ 
pinion  9  te«ih,  and  the  fourth  wbed  SO.  con-i 
wiUbe  MObctttinotie  minute.  The  pallat  being  .iu  dejit^ 
IR  diamefer,  measuifld   upon   (fae  (liametei'  oi  ihs  bluR 
wh(«1. 

No  Mention  h<ts  been  made  of  the  nqmleiKff  Ibe  teal 
in  the  other  whech  and  pinions,  n  they  art  Affli^e  m  vti 
iaajportancct  and  may  be  varied  conudcrably. 


Aa  Estayonthe  CtAfthti  of  Tluidn,     AjrTaouAs  Foi 
AT.  D.  'For.  Stc.  R.S.' 

I.  Gtnetal  Frittcffet. 
•caeral  ptinri-      jt  has  already  been  nsserted,  by  Mr.  MoDge  and  othciitdial 
laefflnidi.  the  phenomena  of  cupiUar}'  tulu-ssre  referable  lo  the  cul 

Mllracliun  of  the  superficial  particles  only  of  (he  M^  em- 
ployed, aud  ihut  ilie  sui'Ikccs  mmt  cunsequuatly-be  fvimj 
Uitv  curve;  of  the  nnture  of  linlearisf,  which  are  siippuwd  n  b 
llie  re»ul(«  of  a  imiform  tension  of  a  surface,  teMsling  the 
•Ute  of  a  fluid,  either  unifoifii,  or  »rying  according  to  i 
taw.  Sc;;uer,  whoappean  to  hiive  been  ike  first  EliatnnbtUiMl 

*  fhSot.  nan.  1805. 


*'i 


.11 


eatfcsi^x  OT  tlvidbb  7J 


m  similar  opinion,  htt  ihewn  in  what  nanner  the  principle  may 

be  deduced  from  the  doctrine  of  attraction,  but  hi*  dcmomlimi*  ii!5Manhil3ik 

tion  is  complicaiedi  and  nol  periectly  latisiiBCtory ;  and  in  i^ 

plying  the  law  to  the  forms  of  drops,  be  bas  neglected  to  coa« 

bider  the  very  material  effects  of  the  double  curvature*  whidi 

is  evidently  the  cause  of  the  want  of  a  perfect  coincidence  of 

his  experiments  with  bis  theory.    Since  the  time  of  Scgnett 

little  has  been  done  in  iuvcstigatiqg  accurarely  and  in  detail 

the  various  consequences  of  the  principle. 

It  will  perhaps  be  most  agreeable  to  the  expcrimeutal  pliilo* 
losophcr,  although  less  consistent  with  the  strict  course  of  logH 
cal  argument,  to  proceed  in  the  first  place  to  the  comparison 
of  this  theory  with  the  phenomena,  and  to  inquire  afterwards 
for  its  foundation  in  the  ultimate  properties  of  matter.  But  il 
is  ncccss^  to  premise  one  observation,  which  appears  to  be 
new,  and  which  is  equally  cousistent  with  theory  and  with  ex- 
periment ;  that  is,  that  for  each  combination  of  a  solid  and  a 
fluid,  tlicro  is  an  appropriate  angle  of  contact  between  the  sor* 
faces  of  the  fluid,  exposed  to  the  air,  and  to  the  solid.  Thia 
angle,  for  glass  and  water,  and  in  all  cases  where  a  solid  it 
perfectly  wetted  by  a  fluid,  is  evanescent :  for  glass  and  mer- 
cury, it  is  about  140°  in  cojnmon  temperatures,  and  when  tha 
qiercury  is  moderately  clean. 

II.  Form  of  the  Surface  of  a  Fluid » 
It  is  well  known,  and  it  results  immediately  from  the  com-  Form  of  tlM 
position  of  forces,  that  where  a  line  is  equally  distended,  the  SJjJ^^mod* 
force  that  it  exerts,  in  a  direction  perpendicular  to  its  own,  is  fied  bj  the  co* 
directly  at  its  curvature;  and  the  same  is  true  of  a  surface  ^d^S^aL 
simple  cunature;  but  where  the  curvature  is  double,  each 
curvature  has  its  appropriate  cflect,  and  the  joint  force  most 
be  as  the  sum  of  the  curvatures  in  any  two  perpendicular  direc* 
tions.     lor  this  sum  is  equal,  whatever  pair  of  perpendicular 
directions  may  be  employed,  as  is  easily  shown  by  calculating 
the  versed  sines  of  two  equal  arcs  taken  at  right  angles  in  the 
surface.     Now  when  the  surface  of  a  fluid  is  convex  exter* 
nally,  its  tcntion  is  produced  by  the  pressure  of  the  particles 
of  the  fluid  within  it,  arising  from  their  own  weight,  or  from 
that  of  the  surrounding  fluid ;  but  when  the  surfiBice  is  con* 
cave,  the  tension  is  employed  in  counteracting  the  pressure  of 

L2  the 
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Penndrfhe      ftc  atmosphere,  or,  whore  the  atmospiiere  is  exdadcd,  An 
JJlJjj^^J^  equivBlcnt  pressure  arising  from  the  wdgbt  of  the  pttfkki 


fied  by  th«  CO-  suspended  from  it  by  means  of  their  cohesknit  in  the 
'***to"it''*^  manner  as,  when  water  is  supported  by  the  atmosplMlic 
pressure  in  an  inverted  vessel,  the  outside  of  the  vesael  sustains 
a.  hydrostatic  pressure  proportionate  to  the  height ;  and  this 
pressure  must  lemain  unaltered,  when  the  water,  ha^dng  ben  I 
isufBciontly  boiled,  is  made  to  retain  its  sitoaticai  for  a  certaki 
time  by  its  cc^hcbinn  only,  in  an  exhausted  receiver.  When, 
therefore,  the  surface  of  the  fluid  is  terminated  by  twori^t 
lines,  and  has  only  a  simple  curvatun*,  the  curvature  nost  he 
e^'ery  whf  ic  as  tiic  ordinate ;  and  where  it  has  a  doable  cur- 
vature, the  sum  of  the  curvatures  in  the  diflerent  directions 
must  be  as  the  ordinate.  In  the  first  case,  the  canre  maybe 
constructed  by  approximation,  if  we  divide  the  hei^t  at 
which  it  is  cither  horizonial  or  vortical  into  a  number  of  smil) 
portion*,  and  taking  the  radius  of  each  portion  prnportiona]  to 
the  reciprocal  of  the  hoio;ht  of  its  middle  point  or  below  the 
general  surface  of  the  ll;iid,  go  on  to  add  portions  of  circles 
joining  cadi  other,  until  they  have  completed  as  much  of  the 
curve  OS  is  required.  In  the  srcond  ca?e,  it  is  only  necosssiy 
tv  ronsiuLT  the  curve  derived  from  a  circular  hasis,  which  is  a 
solid  of  rcvoluti(»n  ;  and  the  centre  of  that  circle  of  curyaluie. 
■which  is  perpendicular  to  the  section  formed  b}-  a  plane  passii^ 
through  the  axis,  is  in  the  axis  itself,  consccjuenfly  in  thepoiiii 
where  the  normal  of  the  curve  intersects  the  axis:  we  most 
tliereforu  here  make  the  sum  of  this  cnnature,  and  that  of  the 
generating  curve,  u  I  ways  proportional  to  the  ordinate.  Thi? 
may  be  done  mechanically,  hy  benjnning  at  the  vertex,  where 
the  two  curvatures  arc  equal,  then,  for  each  succeeding  por- 
tion, findim*  the  radius  of  curvature  by  deducting  the  proper 
reciprocal  of  the  normal,  at  the  be^iinniiig  of  the  portion, 
from  the  ordinate,  and  tnking  the  reciprocal  of  the  remaindrr. 
In  this  ca.sc  tlie  annlysis  leads  to  fliixional  eqimtions  of  tho 
bccond  order,  which  iippear  t'>  ofl'ord  no  solution  by  means 
hitherto  discovered  ;  but  the  cases  of  simple  cun-aturc  mny 
be  more  easily  subjected  to  calculation. 

III,  Anahisis  of  the  siniphst  Forms, 

Onthc»implc5t  Supposing  the  curve  to  be  described  witli  au  equable  axisu- 
/imxttofthe     ■  .  .        ^         "    ■  '  *  7 

surface  of  a  1^' 

fluid 
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Isr  ^leiocity,  its  fluxion,  being  directly  as  the  vadiuiof  cur*  OntlMtlmiii 
^«tmc,  will  be  inversely  as  the  ordinate,  and  the  rcctaogle  con-  ^I^JI^Jf^, 
tuned  by  the  ordinate  and  the  fluxion  of  the  curve  vill  be  a  AbmL 
quantity ;  but  this  rectangle  is  to  the  fluxion  of  the 
as  the  radius  to  the  cosine  of  the  angle  formed  by  the 
dure  with  its  fluxion ;  and  the  fluxion  of  the  area  vaiy^ng 
as  the  cosine,  the  area  itself  will  vary  as  the  sine  of  this  angle, 
■nd  vt//  bt  equal  to  the  rectangle  contained  by  the  initial  ordi' 
naie^  amd  the  tine  correMponding  to  each  point  of  the  curve  m 
ike  mitiai  circle  of  curvature.  Hence  it  foilou-s  first,  that  the 
whoit  Mreu  included  by  the  or  dinates  wherethe  curve  is  vertical 
mrnd  mkere  it  is  horizontal,  is  equal  to  the  rectangle  contained 
by  ike  ardiuate  and  the  radius  of'  curvature;  and,  secondly,- 
that  the  area  on  the  convex  side  of  the  curve,  between  tho 
vertical  tangent  and  the  least  ordinate,  is  equal  to  the  whole 
area  on  die  concave  side  of  the  curve  between  the  same  tan-* 
gent  and  the  greatest  ordinate. 

In  order  to  And  the  ordinate  corresponding  to  a  given  an- 
gqlar  direction,  we  must  consider  that  the  fluxion  of  the 
ordinate  at  the  vertical  part,  is  equal  to  the  fluxion  of  the 
circle  of  curvature  there,  that,  in  other  places,  it  varies  as 
the  radius  of  curvature  and  the  sine  of  tho  angle  formed  with 
the  horiion  conjointly,  gr  as  the  ordinate  inversely,  and  di- 
lecdy  as  the  sine  of  elevation ;  therefore  the  fluxion  of  the 
ordinate  multiplied  by  the  oKlinate  is  equal  to  the  fluxion  of 
any  circ|e  of  curvature  multiplied  by  its  corresponding  heifdit, 
and  by  the  sine,  and  divided  by  the  radius :  but  the  fluxion  of  the 
circle  multiplied  by  the  sine  and  divided  by  the  tadiusis  equal 
to  the  fluxion  of  the  versed  sine;  tliea*fore  the  ordinate  muUiplicd. 
by  its  fluxion  is  equal  to  the  initial  height  multiplied  by  the 
iluxion  of  the  \-erscd  sine  in  the  corresponding  circle  of  cur- 
vature ;  and  the  square  of  the  ordinate  is  equal  to  the  rectttn* 
gle  contained  by  the  initial  height  and  tuice  the  versed  sincj 
imercased  by  a  constant  quantity.  Now  at  the  highest  point 
6f  the  curve,  the  versed  sine  becomes  equal  to  the  diameter, 
and  the  square  of  the  initial  height  to  the  rectangle  contaiiK*d 
by  the  initial  height  and  twice  the  diameter,  with  the  constant 
c|u-.".itity:  the  constant  quantity  is  therefore  equal  to  the 
rectangle  contained  by  the  initial  height  and  its  difference 
Irom  tsvicc  he  di.'unetcr:  this  constant  gvantityis  the  square 
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ibttjBfilBt  o^  Ate  Uail  ordinate,  and  tie  ardiMU  it  tterf  vim  c  now 
luM  afB  prr^rtionai  briateu  tit  grtvtal  ieigiit  okH  the  lamc  ietgki  at* 
L  nadilied  bii  (u'krr  the.  vrrtcd  tint  "J  tke  rniguUr  itrfrntn*  ntlis 

cerrufoMding  circle  of  curwU arc.  Again,  of /j(<HrJ 
Hie  tfuare  of  tie  ordamttit  cqued  toth«  tqiiart  of  lit 
ieigAl  Jiminia/iedbi/thtFtctaaglreaiUairudiii  tiitiagi 
T  1^' the  corvKting  cireU  af  cirnafiire,  a  recti 
It  fur  every  fluid,  and  wbich  may  lio  nllod 
friatf  TeeiumgU :  dcduelntg  tkit  rrctangU  frtmt  tkc 
tht  ordinate  at  tie  vrrtival  paint,  we  kinc  the  letud 
wliicli  cunseijiieiitiy  vanulu^  luAen  lit  tquare  of'  i^K 
mi  tie  vtriieai  point  it  equal  to  the  apfiropriate 
ioriiontal  lurfact  bccotaiHg  in  tiia  fan  oh  atjpmfivla 
time,  oMii  tkc  tijtiare  nf  lit  greatest  nrdinaU  tfing 
ttaicei  ti€  appropriate  reclanglr,  and  fit  grmtttl  at 
twict  tin  diameter  cf  the  torretptmdmg  tirtte  *>f  ei 
so  tliHi,  if  tee  lappoic  a  circle  to  be  dtiiribed,  iunag<  li 
amte  far  a  diameter,  tie  ekvd  of  the  angular  eli 
tittle  U'i//  br  ttlwov*  rqaal  to  the  ordinate  at  cack 
tit  ordinate  mil  rary  as  lie  sine  of  half  the  amglt  t^ 
vhainer  tie  £urte  has  an  asi/mptale,  Mr. 
altued.  in  the  tliin!  volume  ul  ihc  Acta  PetrofolUtauit 
fmpetlKs  lA  tiie  aicb  of  ecjuilibriurn  under  tbc  (ircMunMttt 
fluid,  wUdi  is  the  siun«  8$  one  species  of  the  ciirvm  liar:  on- 
lidored.  The  scries  given  by  Eulcr  in  the  secoriI  pwl  of  Iba 
uino  volamc.  iui  the  elastic  cunc,  nay  alio  be  afiplM  ti 


IV.  Application  totlic  Etcvatioii  of  particular  Tlmd*. 
°f  The  simplest  plienomena,  which  aSbrd  ue  d&Ia  &it  dctO- 
iniiUQg  the  fun:Ianientikl  propertit;s  vf  the  supurficial  cobcML 
of  duids,  are  their  elevation  and  deprcKion  hctu-ocn  pljitcs  attl 
in  capillary  tube.'',  aud  their  adhesion  to  the  sarlacc-i  uf  wlid^ 
which  are  rai^d  in  a  iiorrzoiital  situation  to  a  cetUin  height 
abo^e  the  );ciicra1  surface  of  llic  lluids.  tVhcn  lite  dislaBCc 
of  a  pair  uf  plates,  or  4lie  diameter  of  a  tuhe,  is  very  nutiufq 
tbc  curvttturc  may  Uc  cuiwdurcd  as  utnfo^,  and  tl»r-  .ajiprtH 
prtale  rectangle  may  readily  be  ticduced  frL>m  thf  ricv«t»jn,, 
FGColJecting  that  the  curvatoro  in  a  ca(>illary  mtn?  is.  double,, 
and  the  bei^t  thecefuie  t^vicc  as  gieat  as  lietivcen  ttvo  jdatet^ 
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In  the  cate  of  the  elevation  of •  a  fluid  in  contact  With  a  kofi- . 


zontal  surface,  the  ordinate  may  be  determined  from  the  "|v?Jt^ 
%1-eight  vcquirod  to  produce  a  separ^ion ;  and  tlie  appropriate  Auidi. 
rectanglQ  may  be  tbund  in  ^b  manner  also,  the  angle  of  eon* 
uict  being  properly  considerody  .in  this  as  well  as  in  tiie  former 
case.  It  will  appear  that  these  experiments  by  no  means  ex- 
hibit an  immediate  measare  of  the  awrtuai  attraction  of  the 
tioiid  and  fluid,  as  some  authors  have  supposed. 

Sir  Isaac  Newton  asserts,  in  his  Queries,  that  water  ascends 
between  two  plates  of  glass  at  the  distance  of  oBc.hundredtk 
of  an  inch,  to  the  height  of  about  one  inch ;  the  product  of 
the  distance  and  the  height  being  about  .01 ;  but  this  appears 
to  be  much  too  little.  In  the  best  experiment  of  Mussdien* 
Jtnroek,  with  a  tube,  half  of  the  product  was  .0195 ;  in  several 
of  Weitbrccht,  apparently  very  accurate,  0214.  In  Moage*sr 
experiments  on  plates,  the  product  was  ^.6  or  2.7  lines,  aboii^ 
.02 10«  Mn  Atwood  says  that  for  tubes,  the  product  is  «O530^ 
half  of  which  is  .02^5.  Untill  more  accurate  cxperimentf 
»hall  have  been  made,  we  may  be  contented  to  assume  .0£ 
kx  the  rectangle  appropriate  to  water,  and  .04  for  the  pro* 
<kict  of  the  haglit  in  a  tube  by  its  bore,  l^lence,  when  the 
curve  becomes  infinite,  its  greatest  ordinate  is  .2,  and  the  bcij^ 
of  the  vertical  portion,  or  the  height  of  ascent  against  a 
<Hnglc  vertical  plane  .14,  or  nearly  one-seventh  o^inch. 

Now  when  a  horizontal  surface  is  raised  ^m  a  vessel  of 
^ater,  the  surface  of  the  water  is  £>nned  into  a  lintcaria  to 
which  the  solid  is  a  tangpnt  at  its  highest  point,  and  if  the  solid 
be  still  further  raised,  the  water  will  separate:  the  surtiBceof 
the  water,  being  horizontal  at  the  point  of  contact,  cannot  add 
to  the  weight  tending  to  depress  the  solid,  which  is  therefova 
simply  the  hydiostatic  pressure  of  a  colunm  of  water  ecpud 
in  height  to  the  elevation,  in  this  case  one-fifth  of  an  inch, 
and  standing  on  the  given  suiiace.  The  weight  of  «iich  m 
column  will  be  50  grains  and  a  half  for  each  square  inch  ;  and 
in  Taylor^s  well  known  experiment  the  weight  required  was 
50  grains.  But  when  the  solid  employed  is  small,  the  €urva« 
ture  of  the  horicontal  section  of  the  water,  which  is  convex 
externally,  will  tend  to  counteract  the  verdcal  curvature,  and 
to  diminish  the  height  of  separation ;  thus  if  a  disc  of  an  inch 
in  duuneter  were  employed,  the  curvature  in  this  direction 

would 


IppNMlloa  of  would  pediflps  be  rquivalent  to  tlic  pressure  of  about  on^^^ 

y^^itflSif    ^^1^^^^^  ^^  ^"  ^'^^^T  ^''^^  mtj^t  reduce  the  heigbt  froin  .2  to 
inidiL  about  19,  and  tlie  weight  in  the  same  proportion.    There  ii,     I 

however,  as  gr#at  a  divcrsiiy  in  the  results  of  diflerent  expe- 
riments on  the  force  required  to  elevate  a  solid  from  die  snr- 
&ce  of  a  fluid,  as  in  those  of  the  experiments  fti  c^iillaiy 
tubes :  and,  indeed,  the*  the  sources  of  error  appear  to  bo 
here  more  numerous.  Mr.  Achard  found  that  a  discof  ^oss, 
die  inch  and  a  half  French  in  diameter,  required,  at  fijf  of 
Fahrenheit,  a  weight  of  SI  French  grains  to  raise  it  fiun  the 
surface  of  the  water;  this  is  only  37  English  grain  for  each 
square  inch  ;  at  44i^  the  force  was^^^  greater,  or  99-9iins 
and  a  half;  the  ditforcnce  being  ttt^^'*  ^^^  degree  of  Fah- 
renheit. It  might  bo  inferred  from  these  experimentB,  dMt 
the  height  of  ascent  in  a  tube  of  a  given  bore,  which  varies 
in  the  duplicate  ratio  of  the  height  of  adhesion,  is  diminMifJ 
about  rfc  for  every  degree  of  Fahrenheit  that  the  teropentme 
is  raised  above  50^ ;  there  was,  however,  probably  some  con- 
siderable source  of  error  in  Achard's  experimciits,  for  I  fiad^ 
that  this  diminution  does  not  exceed  tovo-  The  experinsits 
of  Mr.  Dutor  make  the  quantity  of  water  raised  equal  to  44wl 
grains  for  each  square  inch.  Mr.  Achard  found  the  force  of' 
adhesion  of  fulfuric  acid  to  glass,  at  Off  of  Fahrenheit,  l.S!6, 
thai  of  water  being  1,  hence  the  height  was  as  69  to  1,  and 
its  square  as  A7  to  1,  which  is  the  corresponding  proporUoa 
for  the  ascent  of  the  acid  in  a  capillary  tube,  and  which  dotf 
not  very  materially  diflbr  from  tlie  proportion  of  395  to  1, 
jusigned  by  Barruol  for  this  ascent,  MusbclicnbnKik  found  it 
,8  to  1,  but  his  acid  va«  probably  weak.  For  alcohol  the  ad- 
hesion was  as  .5.9: J,  the  height  as  .715,  and  its  square  as 
.510;  tlie  nb5crvod  proportion  in  a  tnbo,  according  to  an  ex- 
periment of  !Mnj:«icIu^nbrofk,  was  about  .550,  arcording  to 
Cam'  from  .4-00  to  .1-10.  The  experiments  on  sulfuric  ether 
do  not  agred  quite  so  wH],  but  its  quiility  is  liable  to  veiy 
conMileruble  vun:uioris.  Dutour  found  the  adhesion  of  ahro- 
hol  .58,  that  of  wator  being  1. 

With  respect  to  mercury,  it  has  been  shown  by  Prnfi^sof 
Casbois  of  Mclz,  nnd  by  other?,  that  its  depression  in  lubes  of 
g1a<s  depends  on  the  imperfeciion  of  the  contact,  and  thtt 
when  it  has  lecj  boiled  in  tiic  tube  often  enough  10  exjiel  all 
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foreign  particles,  thesurfoce  may  even  become  concave  instead  jippiir&tioiiof 
of  convex,  and  the  depression  be  converted  into  an  elevation.  ****^  »twttint  ^ 

purtirulftr 

But  in    barometers,    con^ructed    accordii^  to  tbe   usual  ^uijg. 
fiicthodsy  the  angle  of  the  mercury  viill  be  found  tp  difler  little 
from  140^;.  and  In  other  experiments,   when  pro|}er  prccau- 
tions  are  taken,  the  inclination  will  be  neoily  the  same.     The 
determination  of  this  angle  is  necessary  for  finding  the  appro- 
priate rectangle  for  the  cun*ature  of  the  surface  of  mercury^ 
together  with  the  obscn'ations  of  the  quantity  of  depression  in 
tubes  of  a  given  diameter.  The  table  published  by  Mr.  Caven- 
dish from  the  experiments  of  his  father.  Lord  Charles  Caven- 
dish, appears  to  be  l>est  suited  for  this  purpose.    I  have  con- 
structed a  diagram,  according  to  the  principles  already  laid 
down,   for  each  case,   and  I  find  that  tiie  rectangle  whicii 
agrees  best  with  the  phenomena  is  .01.     The  mean  depression 
is  always  .015,   divided  by  the  diameter  of  the  tube  :  and  in 
tubes  less  than  half  an  inch  in  diameter,   the  curve  is  veiy 
nearly  elliptic,  and  the  central  depression  in  the  tube  of  a 
barometer  may  be  found  by  deducting  from  the  corresponding 
mean  depression  the  square  root  of  one-thousandth  part  of  its 
diameter.     There  is  reason  to  suspect  a  slight  inaccuracy  to- 
wards the  middle  of  Lord  Charles  Cavendish's  Table,  from  a 
comparison  widi  the  calculated  mean   depression,   as  well  as 
from  the  results  of  the  mechanical  construction.     The  ellipsis 
approaching  nearest  to  the  curve  may  be  determined  by  the 
solution  of  a  biquadratic  equation. 
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.072 
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.050 

.036 

.033 

.027 

.079 

.25 
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.060 

.050 

.044 

.038 

.086 

.20 

108 

.075 

.067 

.061 

.056 

.096 

.15 

61 

.100 

.092 

.088 

.085 

.116 

.10 

27 

.150 

.140 

.140 

.140 

.161 

The  square  root  of  the  rectangle  .01,  or  .1,  is  the  ordinate . 
where  tht  carve  would  become  vertical  if  it  were  continued  ; 
but  in  order  to  find  the  beif^t  at  which  it  adheres  to  a  \eit\ci\ 
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Application  of  surface,  wr  must  diminish  this  ordinate  in  the  proportion  of  te 
p'Trtt^r'*  ^  «"«  of  25*»  to  the  sine  of  45®,  and  it  will  become  .06,  ht  Ik 
iluitk.  actual  depression  in  this  case.     The  elevation  of  the  nercoiy 

that  adliei'cs  to  the  lower  horizontal  surface  of  a  piece  of  |^i^ 
and  the  tlnckncss  at  which  a  quantity  of  mercury  will  ilui 
when  spread  out  on  glass,  supposing  the  angle  of  contact  tfH 
l-^O'^,  arc  found,  by  taking  the  proportion  of  the  anef  of  9t 
and  of  70^  to  the  :>ine  of  45",  and  arc  therefore  .0484  wai 
.1330  respectively.     If,  instead  of  glass,  we  employed  tayiw* 
face  ca})able  of  being  wetted  by  mercury,  the  hcigfit  of  elefa- 
tion  would  be  .141,  and  this  is  the  limit  of  thickness  of  a  wide 
surface  of  mercury  supported  by  a  substance  wholly  iBcq»- 
ble  of  attracting  it.     Now  the  hydrostatic  pressure  of  cohna 
of  mercury  .0484  in  thickness  on  a  disc  of  one  inch  diameter 
would  be  131  grains ;  to  this  the  surroundin;;  elevatioo  of  tk 
fluid  will  add  about  1 1  grains  for  each  inch  of  the  circumimBCe, 
with  some  deduction  for  the  effect  of  the  contrary*  cunralBie 
of  the  horizontal  section,  tending  (o  diminish  the  hei||it;  and 
the  apparent  cohesion  thus  exhibited  will  be  about  l60  gmias, 
whicli  is  a  little  more  thau  four  times  as  great  as  the  appaicnt 
cohesion  of  glass  and  water.     With  a  disc  ]  1  lines  in  diameter 
Mr.  Dutour  found  it  194  French  grains,  which  isequivalem  to 
132  English  grains,  instead  of  160,  for  an  inch,  a  result  vhtch 
is  sufficient  to  confirm  tlie  principles  of  the  calculation.    Tha 
depth  of  a  quantity  of  mercury  standing  on  (;Iass  1  have  found 
by  actual  observation,  to  agree  precisely  with  this  calculatioa. 
Segner  says  that  the  depth  was  .13JR,  both  on  ^lass  and  on 
paper :  the  difference  is  very  trifling,  but  this  measure  is  some- 
what too  great  for  glass,  and  tf>o  sniull  for  pa))er,  since  it  ap- 
pears from  Dutour's  ex]^erinients,  tliat  the  a  traction  of  paper 
to  mercurv  is  extremelv  weak. 

Tf  a  disc  of  a  substaiKe  capable  of  being  wetted  by  mercory, 
an  inch  in  din  meter,  were  raised  from  its  surface  in  a  posidoD 
perfectly  horizontal,  tlie  apparent  cohesion  should  be  3Sl 
grains,  taking  .141  as  the  height:  and  for  a  French  circular 
inch,  433  grains,  or  528  French  grains.  Now,  in  the  experi- 
ments of  Morveau,  the  cohesion  of  a  circular  inch  of  gold  to 
the  surface  of  mercury  appeared  to  be  446  grains,  of  silver 
429,  of  tin  418,  of  lead  397f  of  bismuth  372,  of  zinc  204, 
of  cop|)er  142,  of  metallic  antimony  125,  of  iron  115,  of  co- 
balt 8  :  and  this  older  is  the  same  witli  that  in  whioh  the  me- 
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tnlf  are  most  cas^fy  anutlgiamated  with  mercury.  It  is  pr6ba<^  Application  of 
ble  that  such  an  tfknalgiunation  actually  took  place  in  some  ^^  Ij^ticiilar 
the  cxp^ments,  and  affieeted  their  results,  for  the  process  of  fluidi^ 
amalgpitBalion  ftiay  often  be  observed  to  begin  almost  at  the 
instant  of  contact  of  silver  with  mercury ;  and  the  want  of  per- 
fect horizontality  appears  in  sBght  degree  to  have  affected  them 
all.  A  de\-iatioa  of  one^fiftieth  of  an  inch  would  be  sufficient  to 
have  produced  the  difference  between  446  grains  and  528 ;  and 
it  is  not  impossible  that  all  the  differences,  as  far  down  as  bis^ 
muthy  may  have  been  accidental.  But  if  w<!  sup|>ose  the  gold 
only  to  have  been  perfectly  wetted  by  the  mercury,  and  all 
die  other  numbers  to  be  in  due  proportions,  we  may  find  the 
appropriate  angle  for  each  substance  by  deducting  from  ISO®, 
twice  ^e  angle  of  which  the  sine  is  to  the  radius  as  the  apparent 
cohesion  of  each  to  446  grsuns ;  that  is,  for  gold  .1,  for  silver 
about  97»  for  tin  .95,  for  l^ad  .90,  for  bismuth  .85  for  zinc. 
•46,  for  copper  .32,  for  antimony  .299  for  iron  26,  and  for 
cobalt  .02,  neglecting  the  surrounding  elevation,  which  has 
loss  efiect  in  proportion  as  the  surface  employed  is  lai^r.  GeU 
lert  found  the  depression  of  melted  lead  in  a  tube  of  glass 
multiplied  by  the  bore  equal  to  about  .0054. 

It  would  perhaps  be  possible  to  pursue  these  principles  so 
far  as  to  determine  in  many  casi>s  the  circumstances  under 
which  a  drop  of  any  fluid  would  detach  itself  from  a  given 
surface.  But  it  is  suflicient  to  infer,  from  the  law  of  the  su- 
perficial cohesion  of  fluids,  that  the  linear  dimensions  of  simi^ 
lar  drops  depending  from  a  horizontal  surface  must  vary  pre- 
cisely in  the  same  ratio  as  the  heights  of  ascent  of  the  respec- 
tive fluids  against  a  vertical  surface,  or  as  the  square  root  of 
the  heights  of  ascent  in  a  given  tube ;  hence  the  magnitudes 
of  similar  drops  of  different  fluids  must  vary  as  the  cubes  of 
the  square  roots  of  the  heights  of  ascent  in  a -tube.  I  have 
measured  the  heights  of  ascent  of  water  and  of  diluted  spirit 
of  wine  in  the  same  tube,  and  1  found  them  nearly  as  100  to 
64:  a  drop  of  water  falling  from  a  large  sphere  of  glass 
Weighed  1.8  grains,  a  drop  of  the  spirit  of  wine  about  .85, 
instead  of  .82,  which  is  nearly  the  weight  that  would  be  in- 
fem*d  from  the  consideration  of  the  heights  of  ascent,  com- 
bined with  that  of  the  specific  gravities.  We  may  form  a 
conjecture  respecting  the  probable  magnitude  of  a  drop  by 
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Application  of  inquiving  what  must  be  the  circumference  of  the  fluid,- tfal 
the  duetnue  to         ,,  ,.  i.i  -ii.«... 

particular  wuuld  support  by  its  cuncsion  the  weight  of  a  iienui|»iit  ^ 

tiuids.  pending  i'lom  it :    this  must  be  the  same  as  that  of  a  take,  it 

which  the  iluitl  would  rise  to  the  height  of  one-AirdioCiti  dia-. 
meter ;  ami  the  square  oi'  the  diameter  ina«t  be  ifaree  tiiMi  wt 
aivat  us  the  appropriate  product ;  or,  for  water  .12;  vknxi. 
the  diameter  would  be  .35,  or  a  Ktlle  more  than  one-tl^iid  A 
an  inch,  and  the  weight  of  the  hemisphere  would  he  SJ^ 
grains.  It'  more  water  were  added  intemally,  the 
would  be  overcome,  and  the  drop  would  nu  longer  be 
dcd,  but  it  is  not  easy  to  calculate  what  precise  qoaMkjaf 
water  would  be  separated  with  it.  The  form  of  a  favWe  of 
air  rising  in  water  is  determined  by  the  cohesion  of  Aeiala^ 
nal  frurmco  of  the  water  exactly  in  the  same  manner  ai  Ik 
form  of  a  drop  of  water  in  the  air..  The  delay  of  a  faaUih  oC 
air  At  the  bottom  of  a  vessel  appears  to  be  occasioned  hfm 
deficiency  of  tlie  pressure  of  tlic  water  betvi'een  the  air  and  At 
ve>si*l  ;  it  is  nearly  analogous  to  the  experiment  of  raaUiiga 
piece  of  wood  remain  immersed  in  wdter,  when  pcrftctlyia 
a)ntact  with  the  bottom  of  the  vessel  containing  it.  Thbcx-. 
|)eriment  succeeds  however  fiir  more  readily  with  mercurj^ 
^ince  the  capillar)'  cohesion  of  the  mercury  prevents  ib  ic- 
unuating  it^df  under  the  wood. 

V.  Of  apparent  Attractions  and  J^rpuiiion^, 
On  th;*  appa-  The  apparent  attraction  of  two  floating  bodies,  round  boA' 
aud  ^n  pwiiioiM  ^^  which  the  fluid  is  niised  by  cohesive  attraction,,  is  produ*- 
••!'  float iiig  ced  by  the  excess  of  the  atmospheric  pressure  on  the  rerault 
Mdes  of  the  sulitls  above  its  pressure  on  their  neigbbourlag 
sides:  or,  if  the  experiments  are  performed  in  a  vacuumtly 
the  equivalent  liydroslatic  pressure  or  suction  derived  fruoL 
the  uei;:lit  aiul  iiumediutc  cohesion  of  the  intcr\'cning  fluid. 
This  force  varies  ultin.ately  in  the  inverse  ratio  of  tlie  squars 
of  the  di^tance ;.  for,  if  two  plates  approach  each  othcr^  the 
height  of  the  fluid  that  rises  between  them  is  increased  in  the 
simple  inviM-se  ratio  of  the  distance;  and  the  mean  action,  or- 
negative  ))i-e.siiuiv,  of  the  fluid  on  each  particle  of  the  surface 
is  also  increased  in  die  same  ratio.  When  the  floating  bodies 
are  both  surrounded  by  a  depression,  the  same  law  prevails 
and  its  demoiihtratiou  is  still  more  simple  and  obvious.     The 

repul- 


fqurisidD  of  a  w«t  tnd  a  dry  body  doc*  not  appear  to  foMow  g^^^lj^jggl 
the  same  proporikm :  far  k  by  no  means  approachcB  to  infi^  u,a 
nity  upon  the  fupposition  of  peffect  contact ;  its  maxionim  it  ?^^^^^ 
m(*asured  by  half  the  sum  of  the  elevation-  and  depretsion  on' 
the  remote  sides  of  the  substances,  and  as  the  distance  inciea* 
ses,  this  maximnm  is  only  diminished  by  a  quantity,  which  it 
initially  as  the  square  of  the  distance.  The  figures  of  the 
solids  concerned  modify  also  sometimes  the  law  of  attraction, 
so  that,  for  bodies  surrounded  by  a  depression,  there  is  some* 
times  a  maximum^  beyond  which  the  force  again  dfminishes : 
and  it  is  hence  that  a  light  body  floating  on  mercury,  in. a  ves' 
«el  little -IdTfi^  than  itself,  is  held  in  a  stable  equilibrium  with- 
out touching  the  sides.  The  reason  of  this  will  become  ap« 
parent^  when  we  examine  the  direction  of  tlie  surface  n^ces- 
Hatily  assumed  l>y  the  mercury  in  order  to  preserve  the  appro- 
priate angle  of  contact,  the  tension  acting  with  less  force  when 
the  surface  attaches  itself  to  the  angular  termination  of  the 
flout  in  a  direction  less  hortsontal. 

The  apparent  attraction  produced  between  solids  by  the  in** 
terposition  of  a  fluid  does  not  depend  on  their  being  partially 
immersed  in  it ;  on  the  contrary,  its  effocts  are  &till  more  pow- 
erfully exhibited  in  other  situations ;  and,  when  the  cohesiott 
between  two  solids  is  increased  and  extended  by  the  interven- 
tion of  a  drop  of  water  or  of  oil^  tlie  superficial  cohesion  of 
these  fluids  is  fully  sufficient  to  explain  the  additional  efiect. 
IV hen  wholly  immersed  in  water,  the  cohesion  between  two 
pieces  of  glass  is  little  or  not  at  all  greater  than  when  dry ; 
but  if  a  small  portion  only  of  a  fluid  be  interposed,  the  curved 
surface,  that  it  exposes  to  the  air,  will  evidently  be  capable 
nf  resibting  as  great  a  force  as  it  would  support  from  the  pres- 
sure of  the  column  of  fluid  that  it  is  capable  of  sustaining  t« 
a  vertical  situation ;  and  in  order  to  apply  tliis  force,  we  must 
employ  in  the  separation  of  the  plates,  as  great  a  force  as  is 
equivalent  to  the  pressure  of  a  column  appropriate  to  their 
distance.  Morveau  found  that  two  discs  of  glass,  3  inches 
Ficnch  in  diameter,  at  the  distanceof  onc-tenthof  a  line,  ap- 
peared to  cohere  with  a  force  of  47t9  grains,  wliich  is  equiva- 
lent to  the  pressure  of  a  column  C3  linos  in  height :  hence  the 
product  of  the  height  and  the  distance  of  the  plates  is  2.3  linca 
instead  of  2.0'5,  which  was  the  result  of  Mongc's  experimenta 

on 


3s  tOIlESlOK    Of    FLUIDS. 

On  thf.  appft-    on  the  actnal  ascent  of  water.     The  difference  is  mudi  imU 

«n?mnbtou'  '^  ^^^^  ^^^  tliffi  rence  of  the  various  experiments  on  the  neat 

of/kwfiDs        of  fluids;  and  it  may  easily  ha\'e  arisen  from  a  want  of  pn^ 

"**  feet  parallelism  in  the  plates;   fcjT  there  is  no  force  tendmgto 

preserve  this  parallelism.    The  error,  in  the  extreme  casecf. 

ihc  plates  coming  into  contact  at  one  pointy  may  reduce  Ae 

apparent  cohesion  to  one  half. 

Tlie  same  theory  is  sufficient  to  explain  the  law  of  the  fibm 
^y  which  a  drop  is  attracted  towards  the  junction  of  two  pkki 
ULcLined  to  each  other,  and  which  is  found  to  vary  in  ifce  in- 
verse ratio  of  the  square  of  the  distance ;  whence  it  was  infer- 
red by  Newton  that  the  primitive  force  of  cohesion  vaiin  in 
the  simple  inverse  ratio  of  the  distance,  while  other  eipcfi- 
ments  lead  us  to  suppose  thnt  cohesive  forces  in  general  nrr 
in  the  dia*ct  ratio  of  the  distance.  But  the  diiHculty  is  leianv- 
ed  by  considering  the  state  of  the  marginal  surface  of  the  dnp.  I 
If  tliti  plates  were  parallel,  the  capillary-  action  would  heequil 
en  both  sides  of  the  drop :  but  when  they  are  incUnrd,  iht 
curvature  of  the  suiface  at  the  thinnest  part  requires  a  force 
proportionate  to  the  appropriate  height  to  counteract  it ;  uf 
this  force  is  greater  than  that  which  acts  on  the  opposite  lide. 
But  if  the  two  plates  arc  inclined  to  the  horizon,  the  cM-' 
ciency  may  be  made  up  by  the  hydrostatic  wnght  of  die 
drop  itself;  and  the  same  inclination  will  serve  for  alai«*cr  ] 
or  a  smaller  drop  at  tlie  same  pkice.  Now  when  the  drop 
approaches  to  the  line  of  contact,  the  difference  of  tke 
appropriate  heights  for  a  small  drop  of  a  given  diameter  vill 
increase  as  the  square  of  the  distance  decrciises ;  for  the  fluxioD 
of  the  reciprocal  of  any  (quantity  varies  inversely  as  the  square 
of  that  quantity :  and,  in  order  to  prcscrw  the  equilibrinm, 
the  sine  of  the  angle  of  elevation  of  the  two  platen  nja^l 
hv!  nearly  in  the  inverse  ratio  of  the  square  of  the  di«t'.::re 
of  the  drop  froitl  the  line  of  contact,  as  it  actually  appear* 
to  have  l>cin  in  H  auks  bee's  experiments, 

\I.  Ph'fiiial  foundation  of  the  Law  of  superficial  C  oh  s-ov., 
Ivaw  of  superfi-      We  havo  now  examined  the  principal  phenomena  uiijch  are 

(■Ull  CCiilt**>iiili 

rediuiUc  to  the  simple  theory  of  the  action  of  the  sui ..■■.: cial 
particles  of  a  fluid.  We  arc  next  to  investigate  the  r.atural 
foundations  tipnn  which  that  thcorj*  appears  ultimately  ol  rest. 

We 


COHESION    OF    FtriDfl.  Q7 

Wc  may  suppose  the  particles  of  liquids,  and  probably  tliosc  tawofaoper- 
of  solids  also  to  possess  that  power  of  repulsion  which  has  been  "•^««**«»^ 
demonstratively  shown  by  Newton  to  exist  in  aeriform  fluids, 
and  which  varies  in  the  simple  inverse  ratio  of  the  distance  of 
the  particles  from  oach  other.     In  aira  and  vapours  this  forc^ 
appears  to  act  uncontrolled ;  but  in  liquids,  it  is  ovcrcume  by 
cohesive  force,  uiiilc  the  particles  still  retain  a  power  of  mov* 
ing  freely  in  all  directions ;  and  in  solids  the  same  cohesion  is 
accompanied  by  a  stronger  or  weaker  resistance  to  all  lateral 
motion,  which  is  perfectly  independent  of  the  cohesive  force, 
and  which  must  be  cautiously  distinguished  from  it.     It  is 
simplest  to  suppose  the  force  of  cohesion  nearly  or  perfectly 
constant  in  its  magnitude,  throughout  the  minute  distance  to 
which  it  extends,  and  owing  its  apparent  diversity  to  the  con- 
trary action  of  the  repulsive  force,  which  varies  with  the  dis- 
tance.    Now  in  the  internal  parts  of  a  liquid  these  forces  hold 
each  other  in  a  perfect  equilibrium,  the  particles  being  brought 
so  near  that   the  repulsion  becomes  precisely  equal  to  the 
cohesive  force  that  urges  them  together ;  but  whenever  there 
is  a  curved  or  an£;ular  surface,  it  may  be  found  by  collect- 
ing  the  actions  of  the  different  particles,    that  the  cohesion 
must  necessarily  prevail  over  the  repulsion,  and  must  urge 
the  superficial  parts  Inwards  with  a  force  proportionate  to  the 
cur\'ature,  and  thus  produce  the  effect  of  a  uniform  tension 
of  the  suiface.      For,  if   wc  consider  the  effect  of  any  two 
})articles  in  a  cuncd  line  on  a  third  at  an   equal    distance, 
beyond  them,  wc    shall  find   that  the    result  of  their  eqtial 
attractive  forces  bisects  the  angle  formed  by  the  lines  of  di- 
rection ;   but  that  the  result  of  their  repulsive  forces,  one  of 
which  is  twice  as  great  as  the  other,  divides  it  in  the  ratio  of 
•one  to  two,  forming  with  the  former  result  an  angle  equal  to 
one-sixth  of  the  whole  ;  so  that  the  addition  of  a  third  force  is 
necessary  in  order  to  retain  these  two  results  in  equilibrium; 
and  this  force  must  be  in  a  constant  ratio  to  the  evanescent 
angle  which  is  the  measure  of  the  curvature,  the  distance  of  the 
particles  bein;;  coiibtant.     The  same  reasoning  may  be  applied 
to  all  the  prtrticles  which  are  within  the  influence  of  the  Cohe- 
sive force  ;  and  the  conclusions  are  equally  true  if  the  cohe- 
sion is  not  precisely  constant,  but  varies  less  rapidly  than  the 
repulsion. 

VIL 


gg  c«H£ftro?r  OP  TLuxDi.' 

VII.  Cokeme  Aifractian  ofSoiids  and  Ffuiit, 

^S^^         When  the  attraction  of  the  particles  of  a  fluid  for  a  M>lid  ii 
Mlidi  tad         Iks  than  their  attraction  for  each  other,  tfaisre  will   be  aa 
eqnifibrinni  of  the  superficial  forces,  if  the  sorfecc  of  the  tkii^ 
nake  with  tliat  of  the  solid  a  certain  angle,  the  versed  sine  «f 
which  is  to  the  diameter,  as  the  mutual  attraction  of  the  flaid 
and  solid  particles  is  to  the  attraction  of  the  particles  of  tb 
fluid  among  each  other.     For,  when  the  fluid  is  samwoded 
by  a  vacuum  or  by  a  gas,  the  cohesion  of  its  superficial  pailH 
des  acts  with  full  force  in  producing  a  pressure  ;  but  vkra  it 
is  any  where  in  contact  with  a  solid  substance  of  the  Huae 
attractive  power  with  itself,  the  effects  of  this  action  must  be  u 
much  destroyed  as  if  it  were  an  intamal  portion  of  the  fiiwL 
Thus,  if  we  imagined  a  cube  of  water  to  have  one  of  iu  halvn 
Congealed,  without  any  other  alteration  of  its  pn^ierties,  it  ia 
evident  that  its  form  and  the  equilibrium  of  the  cohesive  fortes 
would  remain  undisturbed  :  the  tendency  of  the  new  aagilar 
surface  of  the  fluid  water  to  contract  would  therefore  be  con* 
plotely  destroyed  by  the  contact  of  a  solid  of  equal  atuacliTt 
force.     If  the  solid  wi*re  of  smaller  attractive  force,  the  tea- 
dency  to  contract  would  only  be  proportionate  to  the  diflcrence 
of  the  attractive  forces  or  densities,  the  effect  of  as  many  of  the 
attractive  particles  of  the  f!ui<l  be: ni; neutralised,  as  are  eqoiva* 
lent  to  a  solid  of  a  like  den>ity  or  attractive  power.     For  a 
similar  reason,  the  tendency  of  a  fluid  to  contract  the  sum  ef 
the  surfaces  of  itself  and  a  contiguous  solid,  will  be  simply  is 
the  density  of  the  solid,  or  as  the  mutual  attractive  force  of  tbt 
solid  and  fluid.     And  it  is  indifferent  whether  we  consider  the 
pressure  produced  by  these  supposed  superficial  tensions,  or 
the  force  acting  in  the  direction  of  the  surfaces  to  be  compaxed. 


(Tke  conclusion  in  our  next.  J 
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ARTICLE  r. 

• 

leifer  cf  Inquiry  from  a  Correspondent ,  respecting  the  spoiUU" 
meous  Recovery  of  the  Edge  in  dull  Razors  laid  aside  for 
a  time;  and  a  Postscript ^  skewing  that  iMVoisier  has  no 
title  to  the  Discovery  of  the  Modern  Theory  of  Oxidation  : 
Kith  a  Reply  and  home  Remarks  by  AV.  N. 

To  Mr.  NICHOLSON. 

SIR, 

H  Edinburgh,  10/ A  May,  180ff. 

AV'ING  often  rrmarkcd  tliat  a  raxor  which  by  use  had  A  dullruor 
lo^t  its  edi^,  and  was  laid  by,  recovered  it  r\«ain  when  newly  ^^^  j,y  beinc 
strapped  ;   1  hnve  been  in  the  h»ibit  for  some  time  past  of  put-  ^*^  »••»**«  ^*>»'  * 
fmj  my  ra^or  aside  for  a  short  time  when  it  became  dulJ,  with  *"**' 
the  view  of  improvini;  its  power  of  cuttinj;.     I  have  asked  some 
oxperienrcd  iiair-drosscrs  who  arc  much  in  the  habit  of  shav^ 
ins,  if  thry  had  ever  noticed  the  fact,  and  received  an  answer 
in  the  nf7innati\c :  and  on  inquiring;  a  few  days  ago  of  a  sur- 
ge€>ns*  instninn*nt  maker  of  tliis  place,  whether  he  could  tell 
me  the  causi*,  he  n^pliod  that  the  bame  question  was  more  than 
once  put  to  him  by  the  late  Dr.  Black,  but  tlmt  he  was  unable  The  fame  fact 
lo  jiiMt  any  satisfactory  answer.     If  you  should  deem  the  ob-  others,  «.•!  by 
\ '>L.  XlV.—Jf  NE,  ISofJ.  N  serva- Di.  BUck. 


90  EDGE    TOOLS. 

scrvafidn  xiortli  notice,  and  arc  able  to  give  ihc  an  acfeqafttfi 
explanation,  1  shall  be  much  obliged  by  your  insertion  of  this 
CursiioB  as  to  note  in  some  future  number.  Can  it  be  owin;;  tn  arty  chomi* 
cal  action  exerted  on  the  fine  edjie  of  the  metal  by  the  oxigen- 
ous  part  of  the  atmosphere,  whereby  its  ^uali^y  is  so  changcci 
as  to  cause  it  to  yield  more  to  the  strap  than  i(  did  before  ? 

I  am,  Sir,  your  constant  reader, 

E.  D. 

The  editor  rn-  P.  S.  I  was  plonsed  to  sec  vour  annotations  on  fhc  notice 
^!Il!I«v!l*!l  of  the  late  celebrated  Lavoisier's  posthumous  collection  of  me- 
itpertin^  la-     moirs ;  and  hope  you  have  not  relinquished  your  intention  «»f 

toUicThwrr<*f  ^'"^^*^^^*"'^  ^^*^  j"^^  ^  our  own  philosophers  agaitist  the 

oxidntiun.  unqualified  claims  of  that  author.  I  subjoin  the  following;  rc- 
pogc  84.**  **'*  niarks  which  I  lately  met  with  on  oxidation.  By  an  cxperi- 
Lavoisierwas  vn^^t  of  Mr.  Ilomberg's,  four  ounces  of  regufus  of  antimony 
not  tlie  first  being  calcined  by  a  burning-glass  for  an  hour  togctlier,  were 
tlie  inorvasc  (W  f<>""d  to  have  imbibed  and  fixed  seven  drams  of  the  suln^tancc 

weiKhtinoxi-  of  li^ht.*     Here  the  increase  of  weii»ht  by  calcination  is  deci- 

dation  of  uie-      .     ,  ,     ,       ,        ,     •     •       .   \    .    t 

tais*  sively  remarked ;   though  it  is  altibutcd  to  a  wrong  cause. 

''®"*^.o^  But  i)r.  Hales  says^  **  if  fire  was  a  disfmct  kind  of  body  in- 
timooy oxifled  '*  bercnt  in  sulphur,  as  M.  Homberg  and   Ix^mery  imagine, 

?7.*^^V^**'  ■  **  then  such  bodies  when  ignited  would  rarefy  and  dilute  all 
Hairs  found  l>y  ,,    .        .  ,  .  .        ?  •     •    /.        i   i 

experimenttliat     the  circumambient  air,  whereas  it  is  found  by  many  of  the 

tb«  gain  is  from  "  preceding  experiments  that  acid  sulphureous  fuel  attracts 
absorlKKl  air,  .  . 

"  and  condenses  a  considerable  part  of  the  circumambient  clas- 

**  tic  air."t     And  again  he  says,  speaking  of  the  weight  which 

lead  acquires  by  calcination,  **  that  there  is  good  store  of  air 

ffeitparated      **  added  to  the  minium,  I  found  by  distilling  first  J922  grains 

ike  air  again      "  of  lead,  from  whence  1  obtained  only  seven  cubic  inclK*s  of 

*"'*"""'"  air;  but  from  1922  gains,  which  was  a  cubic  inch   of  red 

**  lead,  there  arose  in  the  like  space  of  time  thirty-four  cubic 

*.*  incites  of  air.     It  was  therefore  douhtless  this  quantity  of  air 

*'  in  minium  which  burst  the  hernictrically  sialed  glasses  of  the 

**  excellent  Mr.  B(^ylc,  when  he  heated  the  minium  containetl 

**  in  them  by  a  burning-glass :   but  the  i)ious  and  learned  Dr. 

"  Ka  uwentyt  attributes  this  effect  wholly  to  llie  expansion  of 


*  Bp.  Berkley's  Sirius,  par.  169. 
t  Beg.  Statice,  4th  edit.  p.  206.— Ibid.  289. 
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CHSyXCAL   THEORY.  Q| 

^  tV.e  fire  particles  lodged  in  the  minium/'  I  think  I  remem- 
ber to  have  seen  a  commumcation  from  Dr.  Priestley  in  one  of 
the  early  numbers  of  your  8vo.  scries,  wherein  he  snVs,  that 
M'hen  formerly  in  eompany  with  ^f .  Lavoisier  at  Paris,  he  in- 
formed Mr.  L.  of  his  having  obtained  a  very  pure  kind  of  air 
from  red  lead,  which  was  wha^  he  afterwards  named  pore  or 
dcphlogisticated  air. 

With  regard  to  oxidation,  therefore,  and  its  cause,  M.  La-  I-avoisier  did 
voisier  did  not  discover  ;  he  only  confirmed  and  extended  the  t,^t  j,,jjy  j»^,„', 
fact.     With  respect  to  the  theoiy  <^' combustion,  I  am  sure  ft'oiid  the  fact, 
you  will  do  our  countrvman  Ilooke  justice.     I  shall  only  ob-  comlnuttitw  bc« 
serve  that  I  do  not  think  we  possess  any  complete  theory  of  1"»S*  to  Uook  j 
that  process  ;  far  all  that  wc  know  is,  that  the  pure  part  of  the 
air  combines  with  the  body  that  is  burnt,  and  turms  various 
compounds  according  to  the  nature  and  composition  of  that 
body ',  the  phenomena  of  flame  as  yet  are  unaccounted  for. 
Nearly  the  same  may  be  said  of  the  claim  M.  Lavoisier  makes 
to  the  fAcorj/  of  respiration.     All  the  great  facts  tendir^  to  an 
explanation  of  that  function  have  been  the  successive  discove-        •    •         • 
lies  of  Boyle,  Lower,  Black,  Priestley,  and  Crawford:  but—sopportcdby 
;)othing  in  the  shape  of  a  satisfactory  theory  has  yet  been  pro-  ^    j^  ^^ 
duccd,     ^L  Lavoibier's  claims,  therefore,  in  this  case,  as  far  others, 
as  concerns  xhcfacfs,  are  notoriously  the  discoveries  of  others : 
and  as  to  what  regards  the  theory,  it  is  unnecessary  to  contest 
%vith  hijn  the  ri^^bt  to  a  thing  which  has  no  existence.     The 
truth  is,  Sir,  ^L  Lavoisier  </i6<rorere(/  very  little,  but  he  improvr 
€(!  and  generalized  a  great  deal.     No  one  will  question  or  deny 
Iiis  high  merits  in  that  point  of  view,  which  certainly  affurds  tho 
surest  proof  of  a  philosophical  genius,  inasmuch  as  the  person 
who  constructs  the  building  ranks  higher  than  the  mere  work- 
man who  prepares  the  materials.     But  AL  Lavoisier  in  assist- 
ing to  prepare  the  materials  was  too  apt  to  fon^t  hb  fellow-la- 
bouRTS  in  the  wr)rk  :  and  it  now  appears  that  he  lays  claim  to 
the  construction  of  a  building  which  has  not  yet  been  raised. 
An  impartial  and  minute  observation  of  the  progress  and  evolu- 
tion of  any  science,  will  convince  us,  that  what  may  be  called 
"great  discoveries"  are  things  of  very  rare  occurrence;  and 
that,  |)erhaps,  Newton  is  the  only  person  who  in  the  race  of 
di>covery  has  distanced  all  the  rest  of  mankind^ 

N  tj  neply. 
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Ueply.    W.N. 

The  fact  that  That  i-aaors  and  other  fine-edged  look  when  dull»  do  recover 
TonrK,  &c.  re-^  certain  degree  of  sharpness  after  being  kept  for  a  time,  ha$, 

cover  their  *^  ■  ,      •    .  •  ,    T    r 

edge  by  Uying  I  believe,  been  frequently  noticed.    I  think  the  fact  can  scarce- 

by,  adinittid.    jy  j^  considered  as  doubtful ;  but  that  it  is  requiutc  to  strap 

the  instrument  in  order  to  produce  this  acuteness,  basnot,  that 

I  know  of,  been  before  remarked. 

The  editor  as-       ^^Y  former  meditations  on  this  phenomenon  bate  induced 

cribci  it  tooxi-  me  to  ascribe  it  to  oxidation  modified  by  a  peculiarity  in  the 

peculiar  nature  nature  of  steel.     In  the  quarto  series  of  this  Journal,  vol.  i.  p. 

^fj**«*-  468,  I  gave  a  short  account  of  a  Damascus  sabre,  with  obser* 

of  Damafcns    vations  and  experiments  on  the  method  of  making  that  kind  of 

■'*^*  steel ;  which  has  a  wavy  or  fibrous  appearance  on  its  aurfece, 

called  the  water,  and  is  valued  for  its  rough  cutting  edge  and 

its  tenacity.    It  was  there  explained  that  the  water  is  produced 

by  the  action  of  an  acid  upon  the  metal ;  of  which  tbe  minute 

aggregate  parts  are  some  iron  and  some  steel ;  the  former  being 

Method  of  ex-  more  readily  corroded  than  tlie  latter.     I  likewise  mentioned  a 

uniforn  in-  ™^'^^^  ^  ^*^>  much  to  my  own  profit  and  satisfaction,  used 
ture  of  iteel  by  for  ascertaining  the  texture  of  steel ;  by  applying  diluted  nitrous 
•a  acid.  ^.j^  j^  j^  ^l^^j.  g^pf^cc  ;  the  effect  of  which  is  to  shew  the  re* 

spective  veins  or  imperfect  mixtures  of  iron  in  the  steel,— be- 
cause these  appear  of  a  li(;:hter  colour  than  the  steel  itsdf, 
which  loads  its  solvent  with  plombage  or  carburets  of  iron. 
On  the  present  occasion  I  nuist  add,  that  I  never  found  any 
specimen,  even  of  the  finest  cast  steel,  which  did  not  exhibit 
a  very  considerable  mixture  of  parts,  some  more  and  some  less 
steely. 
AU  iteel  is  pro-      I  strongly  suspect  that  tliesc  facts  may  be  applied  to  the  case 
asSmaViuT*  before  us.     I  would  assume  tlie  posititm,  that  the  same  irregu- 
»teel,  but  fine    larity  which  the  acid  shows  u<i  in  steel,  (li>es  also  exist  among 
*""^*  •  its  very  minute  and  {x^rhaps  invisible  inteiinint  part>  ;  or  that  all 

steel  has  the  property  of  Damascas  steel  with  regard  to  these 
parts.     Whenever  a  razor  is  brouj»ht  to  a  keen  cil^jfc  by  grind-* 
ing,  setting,  and  strapping,  the  fretting  powders  or  the  substance 
on  which  it  is  thus  rubbed  convert  it  into  a  ver\*  fine  toothed 
The  fine  teetb  saw.     By  employing  this  edge  against  a  soft  substance  the  teeth 
edge^rc  fwo  *"^  rubbed,  down  and  the  ed;»e,  though  still  thin,  becomes  mucb 
down  by  use;    less  notched  than  before  :  the  razor  is  then  dull,  and  requires  to 

be 
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be  revived  by  setting  or  strapping.     Instead  of  this  process,  —i^ctting  re- 
Ikovcver,  let  it  remain  exposed  to  the  effects  of  the  atmosphcri'.  P*'***"*^ ***•«* 
If  it  be  thus  Ictt  for  a  sufficient  tirae,  it  will  become  oxidcd  or  — bttt  if  laid  a« 

ante  nisty :  but  before  this  happens,  it  is  reasonable  to  admit  ***?  ^^  ^^7'^^ 
A.        .....      ^         .,.,,.  ,•      .      _.      wiflnist,  III 

ut  an  invisible  eitect  will  be  producc<l  on  its  thinc!>t  ]>art  or  time ; 

edge;  or  in  other  words,  that  it  will  be  corroded  by  the  ^oini  pnrtrrniarly  <m 
action  of  the  water,  carbonic  acid^and  oxigcn  of  the  atmosphere. 
We  have  seen  in  the  sabre  that  the  iron  is  corroded  before  the 
tteel ;  and  in  one  of  fine  Damascus  structure  the  iron  parts  Mill  — and  that  im- 
k  oxided  and  the  steel  parts  left,— that  is  to  say,  the  edge  J^'^"j^*^j^ 
will  ^ain  spontaneously  become  toothed,  and  the  razor  of  con-  unsih  and  re- 
sequence sharper  than  before.  '*'*'"  ^  '■***^^- 
The  use  of  strapping  is  to  render  the  edge  fn;cr  thaa  that  .strapping: may 

irhith  comes  from  the  hone.     If  we  imagine  tlio  iilniosphtric  wonder  tlwedR* 

^  '  finer,  or  clear 

DKidatian  or  corrosion  to  give  a  somewhat  cours«  edge  (which  away  tUc  ox- 
It  must  do  if  it  rcvivcji  an  edge  that  was  too  didl  tor  the  ^^^' 
ijjrap),  the  use  of  the  strap  mentioned  by  £.  D.  will  be  to  do 
(ho  sauie  in  the  present  case.     Or  perha|)s  it  may  be  of  use  tu 
Bany  away  the  oxide  with  which  the  chemically  formed 
intches  will  be  cicj^ed. 

It  is  with  great  satisfaction  that  I  find  the  delay  respecting  Concern tngr  tM 
py  promise  in  the  place  cited  (xiii.  p.  84.)  so  well  compensa-  *;^*!'."*  "^  ^* 
ted-ibr  io  the  postscript  to  E.  D.'s  letter.     Coiilincmcnt  by 
iJincv,  and  the  prcssui-e  of  many  objects  of  business  by  that 
means  increased,  were  the  caiis^^s  of  that  delay.     1  fully  agree  All  our  theoriqp 
with  him  that  all  our  theories  of  chemistry,  viz.  of  heat,  com-  fuipe^ct!^ 
bustion,  and  the  aflinities,  arc  crude,  hypothetical,  and  unworthy 
of  the  importance  which  is  attached  to  them  ;  though  the  dis- 
coveries of  facts  relating  to  each  arc  such  as  do  honour  to  the 
ngacity  of  the  groat  men  who  have  laboured  in  tho^e  several 
departments   of   research.       I  hope    to    be  able  shortly    to 
State  so  much  c»f  the  history  as  may  extend  the  observations  of 
my  ingenious  correspondent  in  settling  the  claim  of  M.  I^voi- 
lier  to  which  he  has  attended.     The  mischiefs  as  well  as  the  General  analo- 
iDcrits   of  generaliaing  are  intitled  to  the   serious  attention  f^'^*'j|JJ'j.j^ij' 
of  philosophers ;  and  the  integrity  of  any  claimant,  whose  de- talaslwncficial 
mands  are  not  well  founded,,  can  only  be  vindicated  by  a  sup- 
position that  he  did  not  know  the  true  owners  of  that  which 
he  may  profess  to  liavc  found.     M.  Lavoisier  well  knew  the  ^  ij^pf  t«> 

claims  obtain  bunor 
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claims  of  Hales,  Cavendish,  Prieitky,«nd  some  others,  towbose 
disrovcnos  he  himself  and  his  nuiiMrous  parly  at  Puns  hate 
by  direct  as  well  as  indirect  means  endeavoured  to  estublisii  a 

title  in  his  own  name. 
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Ohsffxafions  and  Experiments  on  Galvanism ^  tkePrecipUatum  cf 
Mctafs  by  each  other,  and  the  Production  of  Mvriatk  Jdd^ 
By  Charles  Sylvesteb,  Esq, 


rt^ 


To  Mr.  NICHOLSON. 


SIR, 


T«iw»rj-  of 
Galvaiiiim 


XN*  October  1804-^  you  did  me  the  honour  of  inserting  in 
your  valaablc  Journal,  some  experiments  and  observatiooi, 
tending  to  prove  tliat  galvanism  was  strictly  a  chemical  pro- 
ceA,  depending  upon  a  double  affinity,  existing  between  the 
Mrater  and  the  metal ;  the  metal  being  supposed  a  compoand 
electricity  of  metallic  base«  and  the  water  a  compound  of  oit- 
gen  and  hydrogen. 
Some  remarks      I  observe  in  your  Inst  Journal  a  new  mode  of  theoriung  on 
*!f  ii**^B**ic  "^^    *^°^  appearances  by  Mr,  H.  B.  K.     As  it  is  my  intention  in 
this  paper  to  give  yuu  some   new  experiments  which  have 
for  somv^  time  occupied  my  attention,  I  shall  not  at  present 
examine  Mr.  H.  B.  K.*s  hy|>othesis,  luving  only  liad  time  to 
observe  that  his  opinions  arc  very  singular  and  very  liable  to 
objection.    I  beg  leave  however  just  to  contradict  several 
assertions  made  by  Mr.  K.    I  have  no  objection  to  his  con- 
vincing  the  world  of  the  absurdity  of  modern  chemistry  j  but 
1  M'ould  recommend  him  to  bring  forward  facts  for  that  pur- 
pose, without  which  every  opinion  must  fall  inio  nothing. 
Some  errors  in        In  page  *J,:4.  No.  5j2,    he  says,    that    with  water   the 
ed'out.   '*^*"  '  Wires  were  much  calcined.  Now  it  is  right  that  Mr.  K.  should 
know  that  only  one  wire,  viz.  that  which  comes  from  the  zinc 
end  of  the  pile  could  be  calcined;  for  invariabiy  deoxidatioa 
would  be  going  on  at  the  opposite  wire  if  the  oxide  of  a 
metal  were  present.     Mr,  K.  tells  us  tliat  the  wires  are  cal- 
cined by  an  acid  j  and  to  prore  it,  he  introduces  the  same  wires 
which  were  calcined  witli  water,  into  a  solution  of  potash, 
and  asserts  they  were  not  in  the  least  acted  upon.    This  U 
cwtainly  not  true.    The  wire  coming  from  the  copper  end 

of 
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cif  the  pile,  afl  io  the  experiment  vrith  \i  ater>  is  not  acted 
upon  i  but  the  other  is  oxlded  in  a  much  greater  degree. 
With  my  large  apparatus  (100  plates  V2  square,)  when  I  made 
use  of  brass  wires  in  a  solution  of  p'>tash,  the  liquid  in  the 
course  of  ten  minuets  became  perk.?t;v  <;i'c.'-n  with  the  copper 
of  the  wirei  and  was  rendered  at  int  iarr.e  time  turbid  with  the 
suspended  oxide  of  zinc.  I  shall  not  at  present  say  more  on 
this  8ub|ect,  as  I  mean  in  a  future  coromimication  to  give 
some  experiments  on  the  action  of  galvanism  upon  bodies 
dissolved  in  water. 

Mr.  K.»  in  his  last  paper,  has  made  some  assertions  equally  The  expcri* 
destitute  of  foundation.     I  am  surprised )at  his  giving  l^in^- ^^miOflbrc    ' 
sdf  the  trouble  of  attempting  to  produce  gas  by  using  animal  (instead  of 
and  vegetable  substances  instead  of  metal.     The  moisture  ^^  ^^^' 
contained  in  these  bodies  connected  the  liquid  of  tlie  cell  of  explained, 
the  trough  with  the  glass  of  water,  making  them  the  same  «•  J^J^^JI^t^jre 
one  vessel.     IfMr.  K.nad  looked  into  the  cell  where  one  considered  as  ' 
end  of  this  connecting  substance  was  placed,  he  would  havc°***^  ^***'*- 
«een  the  gas  upon  the  copper  plate  at  the  copper  end,  and  the 
zinc  oxided  at  the  zinc  end :  so  that  the  cells  at  the  opposite 
end,  the  moist  substances,  and  the  water  where  these  sub- 
stances terminatedy  were  the  same  as  one  vessel,  while  the 
terminating  plates  of  the  trough  or  pile  performed  the  office 
of  i\ie  metallic  wires. 

Mr.  K.  asserts  that  he  had  more  gas  when  the  wires  were  Longer  wirc» , 

longer.     This  I  deny.     He  aftervt-ards  observes  that  an  ironif^^'^t^ff* 
°  '  more  gas,  &c. 

wire  at  the  silver  end  of  the  pile  "  became  brittle."  If  he 
made  use  of  a  trough,  and  one  end  of  the  wire  was  immersed 
in  the  liquid  of  the  cell,  it  would  be  oxided  as  far  as  the 
liquid  touciied  it,  and  might  so  far  be  brittle,  but  no  farther. 

I  have  been  lately  engaged  in   a  very  interesting  depart-  lotcrostlnirov- 
nicnt  of  chemistry  which  has  been  very  much  neglected,  viz.  P^*'*»7»*;|"^/^' 
the  precipitation  of  one  metal  in  solution  by  another  in  its  of  one  metal 
solid  lonn.      The  simple  action  of  the  piece  of  metal  npon  •»>' ^"^^^'•*'*'' 
the  oxide  in  solmion  is  insufficient  to  explain  a  number  of 
veiy  cuiifus  phenomena  attendant  on  some  of  these  pro* 
cesj^fs.     Ill  the  arbor  dianae  we  see  tlie  appearance  of  vegc-  Th«  prccipita- 
'.iiicn  5  and  In  the  cxi>crimrnt  with  acctite  of  lead  in  a  phial  ^"tljun^t^" 
\^i{h  a  piecr^  of  zinc,  we  observe  a  bundle  of  fine  filaments  place  nt  the  c>x. 
of  m-tiiiic  lead  reaching  to  the  bottom  of  the  bottle.    If  a  J^^*^''*/''^  ^'f «»»« 

thm 
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Kxpcrimenl  of  tbin  coat  of  a  sdution  of  nitrat!^  of  silrer  bo  laid  Cipon  a  fifte 

on  the  face  of  a  wire,  in  a  little  time  a  beautiful  tree  of  silver  will  appear  as 
glais  plate  in    jf  growing  from  the  wire.     If  tlie  process  be  observed  with 
a  magnifying  glass,  the  ramihcations  of  silver  will    be 
teen  to  increase  bj  the  progressive  redactions  of  silver  at 
tbeir  farthest  extremity  from  the  zinc  -,  a  clear  proof  that  the 
oxide  of  silver  does  not  owe  its  reduction  to  .the  zinc,  but  to 
aomething  which  exists  at  the  point  where  the  increase  is 
taking  place,  and  which  I  shall  prove  by  the  following  experi- 
ments to  be  dependant  upon  the  principles  of  galvanism. 
Variation  of         In  the  above  experiroenti  with  the  glass  plate  I  made  thit 
ttejMt  experi-  variety :  I  coated  one  half  of  the  glass  with  nitrate  qf  silver 
One  half  of  a    and  the  other  witli  dilute  muriatic  acid,  so  as  to  touch  each 

wlate^iUi  »T  ^^^^^'  ^  ^^^  *^'^  ®°®  ^°^  ^^*  platina  wire  upon  the  nitrate 
uf  silver,  the  of  silver,  while  the  other  rested  on  the  table,  a  piece  of  »dc 
Stated*^  I^H-  ^^  ^•^  similarly  situated  upon  that  side  of  the  glass  covered 
tic  aci<) :  zinc   with  the  dilute  acid :  upon  uniting  those  ends  of  the  wiret 

wire  toncM  „pQf^  ^^g  table,  I  soon  had  the  satisfaction  to  see  a  beautiful 
tho  latter  fluid, 

and  platina  tree  of  silver  grow  from  the  point  of  the  platina  wire.  This 
vire  the  for-  effect  ccascd  as  soon  as  the  ends  of  the  wires  were  separated. 
tiMte  winrs  ^^  instead  of  nitrate  of  silver  the  whole  of  the  glass  Had  been 
were  united  at  covered  with  the  dilute  apid,  bubbles  of  hydrogen  would  have 
isilvci-tree'grcw  ^^"  given  out  at  tlic  platina  wire.  In  this  experiment  the 
from  the  i^ati.  water  is  decomposed,  the  oxigen  combines  with  the  xvnc, 
H h«n  they  were  ^^'^^  ^^  hydrogen  enters  into  some  combination  by  which 
•lifijoined.         it  is  invisibly  carried  across  the  liquid  to  the  platina  wire, 

piinriijitatioa  '^'^^'^^  ^^®  hydrogen  is  liberated  in  its  gasseous  form.  It  is 
nas  galvanio.  easy  to  observe,  that  when  the  platina  was  in  contact  with  the 
lf<?lI^1r!dVot  "^^''^^^  ol  silver,  the  hydrogen  was  employed  in  reducing  the 
biif-a  in  tlie  io-  silver  to  its  metallic  form.  When  a  piece  of  zinc  simply  is 
luUon  the  pia-  i^y  ^j^^  ^^^  coating  of  nitrate  of  silver,  the  zinc  in  the  first 
developed  h\  -  instance  reduces  the  oxide  of  bilver  immediately  in  contact 

dro^cn.  'ihis  ^^|^jj  [^ .  the  silver  and  zinc  have  now  become  a  galvanic 
HsupposeJto    ^      ,.       .  .  ^,  .    ,         .   ,  .         ^.    , 

haw  brpii         coinbuuition,  and  the  remainder  ot  the  process  is  earned  on 

tranvniittid  w  nieans  of  galvanism.  The  zinc  is  now  oxlded  by  the 
nnm  the  pKicv        .  ,   .  ,    ,        .,         .         ,        ,  ,        ,       .      , 

*)i  GxidaiiOii     oxigen  ol  the  water,  and  the  silver  is  reduced  by  the  hydro* 

to  thi-  place  t:i  gen.     In  the  experiment  with  zinc  and  the  solution  of  lead, 

rcducti.H*  and     ,  i        .•        i    ,j  j       *  i      i 

prf cipttat ij!i     ^"^  same  explanation  holds  good.    As  i^oon  as  the  least  por-> 
tion  of  metallic  lend  is  produced  by  the  zinc,  a  decomposition 

of 
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tf  water  takes  place ;  the  ojjjgen  uniting  with  the  zinc,  wliilft 
the  hydrogen  is  invisibly  diffused  through  the  liquid,  reduc-> 
itigthe  oxigen  of  lead  upon  the  metallic  lead  already  found. 

To  prove  that  the  whole  of  this  effect  can  be  produced  by 
galvanism  without  the  zinc  touching  the  soluticHi  of  lead,  I 
Inade  the  following  experiment : 

The  gla«s  tube  AB,  Plate  HI.  Fig.  1.  had  a  piece  of  thin  EvpcWmentby 

idaddrr  tied  at  B  so  as  to  hold  a  liquid  when  filled  ;  the  tube  IT'^u^L  At 

*■  '  uhich  the  di- 

was  filled  with  acetite  of  lead  j  the  vessel  i>  was  of  zinc  partly  lute  acid  wnte- 

filled  with  dilute  muriatic  acid,  the  wire  (passing  from  C^^^*^*^^"* 

^>  ^  solution  of  Icii4 

tiiToagh  a  cork  at  A,  and  coming  down  so  ncnr  to  the  blad-  by  bkdder. 

der  as  not  to  pierce  it)  was  of  pure  platina.    The  bladder  it  is  '^^^  -^^S* 

plain  separates  the  zinc  and   the  acid  from  the  acetite  of  iu  the  case  be - 

leadi     The  wire -was  for  some  time  an«annected  with  the  ^*J**.'^*ed  by 

piatiiitt. 
sine  vessel,  but  no  change  whatever  took  place  in  the  tube  3 

tat  as  soon  as  the  contact  was  mndc  at   C,  metallic  lead 

began  to  be  formed  at  the  point  of  the  plutina  wire.  I  obtain- 

•ed  in  this  way  about  six  griiiiis  of  metallic  lead.     When  the  When  lead  vas 

tube  was  filled  with  the  dilute  acid  instead  of  acetite  of  lead,  ^^  P*^*^^  5^- 

,         ,  '  drogen  was  de- 

bydrogen  g^is  was  given  out  at  the  [latinawire;   so  that  itreU^itd. 
sceins  the  bladder  itself  could  not  prevent  the  passage  of  the 
combined  hydrogen.* 

When  acetite  of  lead  is  decomposed  by  galvanism,  the  acid  In  thus  decom« 
Js  set  free,  and  I  believe  it  is  the  case  with  all  metallic  solu-  Snic^rtionV 
tions  under  the  same  operation.     For  the  sake  of  not  occupy-  Uie  add  is  set 
ing  too  much  of  your  room  as  well  as  my  own  limits,  being 
confined,  I  must  defer  for  a  fuluve  communication  more  minute 
cbsenrations  upon  these  experiments.       By  the  favour  of 
in&ertin::  the  above  in  your  next  Journal,  if  you  are  not  alrea- 
dy provided  with  something  more  important,  you  will  much 
oblige 

Your  most  humble  and  obedient  servant, 

CHxVRLES  SYLVESTER. 
ShrfdiUMuy    14///,  ISO(^. 

r.  S,     I  have  just  made  the  experiment  announced  by  M.  Purcwtt^^' 
Tacbiani  on  the  discovery  of  the  muriatic  base,  and  repeated  ^'J{J^^/,^ia 

*  It  i«  vrry  piol»ab!c  that  I  he  clertricity  prpscnt  on  ihe*e  orca- 
-ioii*  cnmbirfs  with  the  hv«l|-uH<'U  when  thi?  oxigen  coiiihi lies  wiih 
llK  Ttnc,  am!  titat  ii  is  invisibly  U-:in»iuUtid  through  the  liquid  tj 

VoL.>:iV.~-J  WE.  ISCO'  O  with 
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the  apparatus   u  i(houi  success  by  tbu  galvanic  society  at  Paris.    I  made  lue 
!:«rni.  uti.Mi.  .J.    f-  ^.  ^^^  ^jjjgjj  ^.^jj  j^Qj  aherccTby  nitrate  of  silver.   I  tooka 

utir  uriii  and     tube,  scciired  at  one  end  by  a  bladder,  into  which  I  intro- 
an  Jk;:li.  ducrd  purfi  water.    At  llic  other  end  was  a  cork,  through 

which  n  platir.a  wire  wns  passed  nearly  to  the  bottom  of  tlie 
tube.  I  then  set  the  tube  in  a  wine  glnss  containing  also  pure 
water,  into  which  I  introduced  another  )Litina  wire,  the  end 
of  which  ca:i;e  luukr  the  end  o\  the  tube,  as  near  tLs 
Qiit'rj'  wh(Hlii  r  b]»ul(i(  r  as  j:ossible.  The  wire  in  \hr  tiihe.  was jconuccted with 

the  bladder  af-     ,  ir.u*  i       '.'^i         i  -laL' 

ftctcd  orcjijs-  "^^  ^'"*"  ^'""  *"  ^"*'  tnjuj^Ii,  tujt  in  the  i;la:»s  with  the  ooppc-r 
rd  thr«f  pro-  end  ;  af.er  the  nroa»>  had  continued  an  hour,  1 1  ut  ihc  linuid 
in  the  tube  to  tlic  le.=t  ot  nitrate  ot  silver;  and  when  I  Lad 
a  sutticient  preeijiiLitc  to  indent ily  thj  presence  of  muriatic 
acic^the  liquid  in  the  f^hi'^s  contained  an  alkali,  whicl^  1  sns- 
]!ect  to  be  ammonia.  I  ho^.e  in  my  next  to  speak  more  ifully 
to  this.  If, IIS  Mr.  Peel  has  asserted  in  the  Philosophical  Maga- 
zine, thi*>  aleali  should  be  soda,  v%hat  an  inii'ortant  field  ^iU 
be  opened  to  the  chemist  antl  the  naJiira'.ist !  It"  a  galvanic 
trough  ot'  moderate  size  be  (..ipable  ai  i."  nerating  muriate  of 
soda  fiom  water,  the  same  etic  et  nubt  in  Nonie  degree  taka 
jdace  when  two  mei.ils  of  diiVertnt  de:;reia»  of  oxid ability  arc 
immersed  in  tliis  liquid.  Hence  {.\u^  water  used  in  the  econa- 
my  of  lite  and  in  other  situations,  must  be  frequently  under- 
ooinj;  this  clumj^e.  The  muriaie  of  soda,  thus  generated, 
U  carried  by  the  rivers  into  thr  occdn,  IVom  whenc^c  it  cannei 
return  by  evaporation  :  need  wc  tlien  wuivier  at  the 
sal tn ess  of  the  sea  ? 
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The  ri^Mrc;        J  T  i^  j'n'.piniil/   ?..  ^^'^s  .;  v   !^    •  .' :«    v\:.*  r  fn   c.»r.S:derahlc 

water  bv  men    ,    .  ,  ,  ....  • 

or  hortrt  is         Ji'^ipjnts    nlieii  \u' are  ;..r(iMti.  •:  4i'»Mi  eiL;.i'iy3-jL'  t.-.*«   strenc^h 

expciiftive.         of  nu'M  or  r>iiiiMa]s  I'l.r  tj.i..   ):ii'| '.^-.i',   beci.".:-c   ri  •.•<:■  wruld  l.t 

(S  wrter,    or    tl.c  *  [.'  -..tb    <■:'    :'.«',  to  r:i^jip:y    t:ie   p';\vc£    ic- 
qui  red. 

The 
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Tlic  force  of  water  has    hitherto  been  applied   only   by  Wafor  omy  b« 
^eiins  o/  wheels,  or  of  pumps,  more  or  less  complicated  in  ^l^!^^]^'\^^^ 
tkv:ir  construction;  and,  notwithstanding  the  improvements  po^ver:  but  the 

made  in  machines  of  this  kind,  the  cost  of  their  erection  has  JJJ'^^aurin^' 
Wn  so  great,  and  the  supply  they  have  furnished  so  small,  rtuuco5,tuuex- 
tbat  princes  and  j^reat  towns  alone  have  been  able  to  avail  P"****^* 
themselves  of  them.     A  private  individual,  even  of  considera- 
ble wealth,  cannot  afford  an  hydraulic  machine :  and  a^ri- 
I     ruliurp,  in  v»!jich    irrip;ation  is  so   frequently  necessary,  has 
I    drrircd  no  a-'Kistince  from  such  cngines]i 

With  rogiird  to  sti»ara  engines,    as  their  construction  will  Sfeam  enj^inefl 
scarrely  be  deemed  loss  ct)mplirjrted  than  that  of  hydraulic  f^^.  iot^.'^  Ja*, 
niachines  moved  by  wheels,  and  as  fire  is  often  more  expen-  f  "tl  wh«rc  cj«l 
*ive  than  a  stream  of  \vati*r  as  a  first  mover,  they  can  be  used 
for  nuMng  water  with  advantage  only  in  larc^c  works,  and  where 
Coal  is  plentiful. 

lliesc  were  the  reflections  which  led  me  to  seek  after  otlier  Investigation 
tncans  of  applying  the  power  with  which  we  are  fumislied  by  |^^"'"^  " 
nature  in  falls  of  water,  for  the  purpose  of  raising,  at  little  ex- 
})rnce,  n  part  of  the  same  water  to  any  height  that  may  be 
Tequiaul. 

in  this  inquir}'  economy   bein<»  my  object,  it  may  be  pre-  bc<rnn$e  most 
sumcd  that  I  turned  my  attention  entirely  to  the  most  siiuple  c**^«wn»»cal- 
means  I  could  invent;  for  by  simplicity  alone  could  I  ho)>c 
To  succeed.     Cnnse<junilly  1  was  obliged  to  give  up  the  sys- 
tem of  wheels,  and  of  pumps,  in  which  so  many  have  ex- 
erted their  abilities  t(»  little  purj)ose. 

What  indeed   can    we  expect  from  the  common  hydraulic  Drfertf  of  hy- 

I  •        «      if.i  1-1  I*     «    1         1      A*       '  dratiiie  uia- 

macnnies?      Ihey  display  a  complicated  and  ot  course  C-'*- ehincs. 

pen.sivc  assemblage  of  materials  of  various  kinds,  the  cost  of 

which  is  frequently  increased,  as  well  as  their  ellect  injured 

by  the  strangeness   of  their   tigure.     Is  not  the  machine  of 

Marly  in  its  kind  the  opufi  ?nagnum  of  mechanists,  a  kind  of  >facbinc  of 

monstrosity,  whether  we  consider  tlie  multitude  of  its  parts,  *       ^' 

the  iiumonst^  sums  of  money  it  cost,  or  the  small  cpiantity  of 

waif  r  it  raises  ? 

The  hi*uer  to  avoid  the  defects  inherent  in  the  nature  of  Tim  \rater  ciw 

these  machines,   I  chose  one  founded  on   principles   totally  p""-  ^'f  ****-*  "^- 

dii^'erent,  principles  that  completely  exclude   the   defects   1 

wished  to  avoid.     An  exhibition  of  these  principles,  and  the 

O  2  theory 
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Advantage  cyf 
•implicitjr  in 
■uichincs. 


thcor}'  of  the  action  of  this  machiDe,  ate  pot  my  object ia 
the  present  paper;  in  which  I  mean  only  to  make  kiiowii 
their  practical  results,  in  such  a  way  as  to  enable  any  one 
to  form  a  suflTicieiit  judgment  of  the  effects  produced  by  this 
machine,  and  avail  himself  of  the  advantages  it  ofisn.    A  de- 
scription of  the  machine  itself,  and  an  account  of  some  of^ 
the  trials  mode  with  it,  will  be  sufficient  to  show,  that  Ul 
simplicity  gives  it  a  decided  superiority  over  others,  from  the 
less  original  ex  pence  it  demands,  and  the  greater  supply  it 
affords. 

This  doul>lc  advantage  obtained  at  the  same  time  it 
very  evident.  In  fact,  simplicity  is  the  most  estimahls 
quality  of  a  machine ;  at  the  same  time  that  it  rcndm  it 
cheaper  in  the  first  cost,  and  to  keep  i(  in  order.  It  is  bettL^ 
because  every  useless  piece  not  only  adds  to  the  cxpence,  but 
is  dctrimcntul  to  die  end  to  be  obtained.  The  simpUciiyof 
a  machine  is  tluTcfore  an  argument  in  its  favour  \(ith  men  of 
sense ;  and  we  may  reasonably  expect  greater  eflfcct  from  t 
simple  engine  than  from  one  of  greater  complexity. 

What  is  meant      It  may  not,  pcrhr.ps,  be  ami"?s  lo  explain  what  I  mean  by 

by  the  effect  of ,,         n-    a.     c         i      i       i-  i  •  •*.  i      i  . 

•  inarhiiic.        *"^  elioct  of  an  hydraulic  machine,  as  it  may  ivad  to  a  more 

accuratcjudiTinciu  of  the  true  value  of  my  engine,  called  the 

Water  Ram  (Boli'M),  and  other  machines, 

I  have  proniij^crl,    iliat  for  raisinrj  water  vc  must  employ 

some   power  which  is  fmnished  by  diffvicnt  agents.     The  ram 

is  worked  by  tlint  part  of  the  water  that  falls. 

Fowrrof  a  fall      It  is  a  simple  fact,  of  which  no  one  ran  be  ignoMiit,  that 

QX  «a  cr.  fallinpj  water  has  only  a  dotcrminato  jiowcr,   which  is  proper* 

tionate  to  the  mass  of  the  wator,  and  the  hci«»iit  from  which  it 

falls:  a(:conlini;ly,  if  I  would  express  the  poxjer   I  have  in 

pniph>y  in  numbers,  I  multiply  the  mass  of  the  falling  water* 

Simple  nf^ans        *  The  means  we  have  ftf  mrasiirliiK  aTuratcly  the  quantity  of 

efettimatiiicf     winter  flowing  from  a  spring;  or  in  a  ri\er,  are  not  of  a  uaturc  to 

tnemoving       ^  emploved  with  facility  h\  cvcrv  one:  but  wc  mav  liave  rcconrife 
power  of  uattr.  *     • ,        . 

to  npproximnfinns,  the  rr«;ilts  of  which  will  always  come  much 

nearer  the  truth  than  would  be  supposK  d  from  the  notions  cow* 

monly  fonnod  on  such  sabjects,  and  will  often  be  fully  sufficient 

for  my  purpo>c.     Tor  example,  if  it  be  wished  to  be  known  how 

much  watei  flows  through  an  aperturp  under  a  certain  pres^^unv  it 

wiU 
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hy  dielieig^t  it  ptsscs  throogli,  and  the  product  of  those  f^ro 

tubefs  is  the  expnamon  of  the  power.    Thus  I  may  know 
«di  precision  the  quantity  of  the  power  I  have  at  my  dis« 

I  VonU 

As  I  give  the  name  of  patcfr  to  the  product  of  the  mass  of  Author'*  use  of 
Vittei^ multiplied  by  the  height  of  its  fall,  I  likewise  give  the  mni  ^^, 
lune  of  cflcct  to  the  product  of  the  mass  of  water  raised, 
pnliiplicd  by  the  height  to  which  it  is  carried.     This  b  (he 

'  fleet  or  useful  product  of  the  roaoliine. 

This  second  quantity  can  never  be  equal  to  the  fii-st,  because  Thr  eftct  is 
JBtbe  motion  ot  the  machine  a  part  of  the  power  is  always  JJJ^*'*'^  ***'"*'JJ^ , 
expended  [in  generating  velocity,  and]  in  overcoming  friction,  ducing  it. 
and  in  ustless  movements :  but  we  may  bring  them  coiisidera- 
Uy  nearer  to  an  equality,  by  diminishing,  as  much  as  possible, 
dw  last  two  impediments  of  which  I  have  been  speaking,  and 
Cbii  I  have  in  part  effected  in  the  water  ram. 

Thus  to  estimate  the  value  of  a  machine,  we  must  find  the  Ground  of  ths 
ntio  of  the  power  expended,  of  of  the  mass  of  ^'ater  that  falls  ^^JJlte  vi 
Auitiplied  by  the  height  of  the  fall,  to  the  effect  produced,  or  uucliise^ 
Ae  mass  of  walcr  raised  multiplied  by  the  height  of  its  ascent. 
The  comparison  of  these  two  quantities  gives  the  true  mea- 
nrc  of  tlie  excellence  of  the  machine. 

will  be  sufficient  to  measure  the  aperture,  and  the  height  from  the 
middle  of  the  aperture  tu  ihc  surface  of  the  water.  By  multiply- 
ing the  surface  of  the  aperture  by  the  velocity  the  water  would 
acquire  in  falling  from  the  surface  to  the  middle  of  the  aperture, 
■od  taking  two-thirds  of  the  produce,  wc  shall  have  nearly  the 
quantity  discharged.  If  wc  Uad  a  brook  or  a  rivulet  to  measure 
irhcre  there  was  no  full,  wc  may  observe  the  licitiht  to  which  the 
water  would  rise  against  an  obstacle  opposed  to  the  stream,  such 
as  a  slip  of  wood  two  inches  wide  aim  half  an  inch  thick,  and  cal- 
ndating  the  velocity  as  in  the  precadiug  case,  niultiplyiug  it  by  the 
anrfacc  of  a  section  gf  the  rivtr  per{)cndicidar  to  the  current,  and 
this  would  give  the  mass  of  the  fluwing  water. 

The  velocity  of  the  water  may  also  be  better  estimated  by  that  <^i 
any  floating  body,  following  it  a  little  time  with  a  watch  in  tli« 
hand.  If  we  have  a  small  spring  to  measure,  aud  a  rescn'oir  at 
our  disposal,  it  would  bo  a  much  more  certain  mctiaod  to  calcu- 
late the  capacity  of  the  reservoir,  and  observe  the  time  it  took  if> 
&U»    (These  last  give  rough  estimates  only.    N.) 

The 
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Marhine  of  The  macliinc  of  Marly,  when  first  constructedy  cppcsn  \» 

M*»'^y-  have  produced   ,'^   of  the  power  expended,  so   that  ^  of 

its  pbwer  were  (chiefly)  roisapplicd.     This  misapplied  power 
has  been  injurious  to  it,  and  the  wear  it  has  occasioned  has  re- 
duced the  effect  to  ^,  -g*^,  and  at  length  even  to  tcv* 
Itydrttilir  mt-      Jt  \ix>uld  be  difficult  to  exhibit  the  results  of  other  simil* 
ral  lo^ey-ioths  hydraulic  machines  with  wheels  and  pumps,  because  ihcy  are 
of  Utcir  povrur.  not  Common,   and   arc  often  erected' under    circumstances 
where  it  is  not  easy  to  make  the  proper  calculations ;   but  it  i|. 
certain   that,   with   all  passible  care  in  the  execution,  they 
usually  produce  loss  tlian  one-tenth  of  the  power  employed. 
They  arc  not   very  productive  therefore;   but  this  is  not  the 
Why  Uicy  are  only  reason  for  their  being  so  rare.     In  fact  they  are  not  ap- 
ttou""^*^*^  *'^"*"  plicab'lc  to  a  number  of  falls  of  water,  small  iu  *|uanlity,*  of  of 
little  height ;   and  their  cxpencc  includes  not  only  the  cost  cf 
the  machinciy,  but  of  buildings  to  dei^ftid  it  from  the  weather, 
which  renders  them  very  costly. 
The€flrectof         A   water  ram,  m^de  with   care,  may  produce  ^^g*^  of  its 
the  water  ram  ^^st  power,  as  I   have  seen  ;  but  in  general  it  ^ivcs  only  -f^-^ 
of  iu  power.      Indeed  I  engage  only  for  -^^^  or  |- :  I  me:\n,  that  if  you  wouU 
aiidat  least  j.    riiisc  water  by  it  100  feet  with  a  fall  of  .0,  only  a  fortieth  part 
of  what  falls  will  be  rair>cd  to  that  height.     If  tlie  fall  were  10 
feet,   a  twentieth  part  of  the  water  would  Le  raised  :    if  the 
height  were  200  feet,  and  the  fall  5,  only  an  eightieth  part; 
and  so  in  all  other  ca^es. 

I  shall  hereafter  relate  the  experiments  from  which  I 
deduce  these  results. 
Sopfriority  of  Thus  wo  may  admit,  that  the  water  ram  generally  gives  ^^^ 
the  water  ram.  ^£  jj^^  power  it  expends.  Its  eftl^ct  therefore  is  five  times  as 
much  as  that  of  the  common  hydi*auiic  machines,  under  the 
same  circumstances;  yetlt  is  far  from  lieing  pcrtect,  as  Ap- 
pears from  the  rules  I  have  laid  down  forjudging  of  ihe  merits 
of  a  machine.     It  may  be  rendered  more  effective,  as  I  ha^ 

♦  The  part  of  the  St  inc  that  passes  the  machine  at  Marly  is  near- 
-4y  equal  to  .^(WjOOO  cubic  inrhes,  and  falls  about  four  f<x*t  and  half. 
The  moving  powtr  therefore  is  300,000+  f  6=1,850,000.  The 
fjiiHniity  of  water  raised  was  120  hydraulic  iiichi'^,  and  the  height 
Alb  feet.  The  power  produced  therefore  w aa  1 20 -f  1 75=j7,OUU, 
or  ^^  of  rfiat  expended. 

already 
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tlicailv  ohscrtcd ;  but  the  care  that  it  would  require  lo  mako 
^lo,  voulil  occasion  it  to  be  too  costly  in  some  instances  for 
■eparpcmc  for  which  it  is  intended :  there  are  circumstances, 
Mvvcr,  in  which  it  would  be  worth  while  to  purchase  water 
It  this  price. 

I  recommend,  therefore,  to  all  w\o  have  falls  or  streams  of 
^ptcr  at  their  disposal,  the  power  of  which  may  be  employed 
fat  raising  water,  either  for  the  supply  ot   }.^uses  or  manufac- 
tories, or  for  irnj»ations,  to  employ  the  ti*.7/'.r  ;  jr/.    There  arc 
nany  situations  in  which   it  may  be  of  tij«.'  greatest  utility. 
The  great  cx{x^uce  of  other  machines  lia.s  in  some  measure 
{ffcixuited  oa  frequent  occasions  the  use  of  water.     Farmers  Its  n»e  m  fcus- 
iavc  never  even  thout;ht  of  applying  it  in  husbandry;  but  in         ^* 
*bturc  they  cannot  avoid  considering  this  operation  as  very 
rosy,  and  calculating  the  grcat  advantages  they  may  derive 
from  artiiicial  irrigations. 

Tiic  codslniction  of  the  water  ram  even  enables  them  to  Muddy  v^ter 
nl.vi  turbid  and  muddy  water,  which  is  so  useful  as  manure ;  r****^***  raised 
lad  it  ivquiros  but    little  care  to  prevent  sudi  water  from 
Obinj^  the  l'.*ast  harm  to  this  machine. 

The  following  is  tlie  description  of  a  water  ram.   Plate  III.  DescriptioB  of 
fig.  '2.  represents  it  placed  before  a  dam  ^,  constructed  so  as       **   ^  ""** 
to  confine  tlic  stream  of  water^  and  oblige  it  to  pass  through  a 
cofic  B,  adapted  to  a  long  tunnel  CD  of  iron  or  copper,  con- 
nected uitii  the  masonry  of  the  dam,  and  placed  on  pieces  of 
V'>ui  which  support  it  throughout  its  whole  lengtli. 

I'oc  depth  of  viator  above  the  cone  Bis  supposed  to  be  foUr 
feflC,  and  the  length  of  the  tunnel  CD  twenty -four  feet. 

To  the  extremity  of  the  tunnel  D  a  piece  of  copper  or 
i;ai3.  which  I  call  the  head  of  tlie  ram,  is  fitted.  In  this  head 
ire  two  ajjc^tures  ;  one,  0,  which  the  valve  G  shuts  by  rising; 
another,  J,  which  the  valve  K  closes  bv  falling.  The  motions 
*f  thcM:  valves  are  gukled  by  sockets  tlirou^^h  which  the  stcm.< 
dr  axes  passing  through  their  centres  arc  made  to  pass. 

When  tlie  aperture  0  is  open,  the  water  issuing  from  it  is 
ilispcrsed  on  nil  sides.  /  is  covered  with  a  kind  of  bell,  J{,  iu 
;hc  side  of  which  is  a  hole,  with  a  pipe  LU  fitted  to  it,  which 
ihcs  as  high  ns  the  water  is  intended  to  be  conveyed. 

llie  piece  of  wood  on  which  this  machine  is  placed  reaches 
u:idcr  the  head  of  the  ram,  and  is  Uxcd  on  d  $y1id  wall,  which  ^ 
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is  built  at  77,  and  receives  the  support  of  the  head  of  the  tatfl^ 
5o  as  to  render  the  whole  of  the  macliinery  as  firm  as  pos^bk 
This  is  easily  accomplished  by  laying  77  with  very  large  stones, 
or  by  placing  them  against  immovable  obstacles. 
Manner  of  iia        I  shall  now  speak  of  the  action  of  the  machine. 

kor^nui  CO-  '^  ^^^  ^'^^'^  ^  ^P^"'  ^^*^  water  filling  the  long  tunnel  BCDO 
liimn  of  wmter  will  issue  out,  and  disperse  itself  with  a  velocity  continually  in- 
roB  out  thro'  ^i^^^ing;  for  this  water  >k  ill  fall,  and  it  is  tvell  known  thtit 
aralve,  which  falling  bodies  acquire  an  increase  of  velocity, 
cerimin  velocity  ^^"^  ^^  *  certain  velocity  the  force  of  the  current  will  laise 
i»  aequired.  the  valve  G,  and  the  orifice  0  will  be  closed.  The  whole  of 
turn  then  drives  ^^^  cylinder  of  water  included  in  the  long  tunnel  BCDO  will 

•  portion  of       then  be  suddenly  stopped  ;   but  the  active  force  with  which  it 

water  tlurough    .    .  ,  .        1 1       ' 

another  valv#    >'  impelled  eannot  be  annihilated  :   this  therefore  will  exert  a 

******?«|«^**®»  pressure  against  the  whole  of  the  inside  of  tlie  tunnel,   and  as 
this  is  very  strong,  the  pressure  will  impel  a  certain  quantity  of 
water  through  the  aperture  7,   which  the  valve,   raised  by  the 
water  itself,   leaves  open.     Consequently  water  will  enter  into 
•The  effect  is     ^^^  ^^^^  ^^-     '^^^  active  force  existing  in  the  cylinder  of  wafer 
prodnred  by     being  thus  expended,   the  pressure,  to  which  the  valve  G  had 
•itcnwiioiia      yjeid^^j^  ^]\\  ^jy^se  to  exist,  and  the  elasticity  of  the  metal,  as- 
sisted  by  the  weight  of  the  valve,   will  cause  it  to  descend 
again.     The  aperture  0  being  then  open,  the  water  will  begia 
again  to  flow,  and  these  operations  will  be  repeated  as  long  as 
there  is  any  water  before  the  dam. 

This  succession  of  actions,   which  has  tak^*n  me  so  long  to 

describe,   passes  in  a  very  short  space  of  time ;  frequently  in 

—from  half  a    less  than  half  a  second,  vomelimes  in  thn^  seconds,  according 

second  to  three.  ^^  ^^^  dimensions  and  conditions  of  the  machine  :   but  be  the 

time  what  it  may,  all  that  I  have  said  actually  takes  place, 

beside  other  events,  that  it  is  not  necessary  to  mention  here. 

It  is  obvions  thi^n,  rhat  every  time  the  stopping  valve  0 
c\oSf}8,  a  portion  ut*  the  water  which  was  in  motion  will  |iuss 
into  the  M\.  This  will  soon  be  sullicient  in  quantity  for  the 
extremity  of  t!.o  ascending  pipe  to  be  immersed  in  it,  and  thrn 
the  air  over  tli(^  \\utcr  will  have  no  couimuniculion  with  the 
atmorpherc.  It  tlic  miKhiiie  continue  its  action,  the  wairr 
entering  into  tAc  iciorvoij  will  compress  this  air,  and  this  air, 
The  water  ma]^jeactin^  on  tl.e  ^urUirc  c»f  the  water,  will  force  it  to  ascend  io 

h^'rhT*^""^  the  rip*-  7.^/.  to  Ih*^  areutvsi  height  that  can  be  given  to  it. 

Id 
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III  iiiclf  were  this  ])ipe  1;}20  t'oct  Ions;,  so  that  the  pressure  A  f}ii8rtrrof» 
«.v«rttid  by  the  water  in  it  woulil  be  fortv  times  that  of  the  at-  I,"**^r,^Tl'*i" 
moftphere,  the  air  would  be  cotutnihed  by  thi;>  pn^ssure  into  a  stnuc*;. 
toieth  part  of  its  usual  bulk,  and  in  consequence  the  ascend- 
iqg  valve  K  could  not  be  mised  witliout  a  pressure  at  least 
efual  to  that  of  the  nir :  but  at  the  moment  the  stopping  valve 
close5f   the  cylinder  of  water  in  mulion  cannot  Le  stopped 
without  imparting  its  active  foice  to  a  portion  of  the  watea-, 
which  has  no  easier  w:iy  of  escape  than  by  tlie  npertura  /; 
accordingly  tlic  valve  K  will  be  i*aiscd,   and  a  portion  of  the 
water  will  enter  into  die  Reservoir.     Thi*(,  it  is  true,  will  be 
ka^  in  proportion  as  tlie  height  of  the  ascent  is  greater ;   but 
it  will  nevertheless  contain  the  giieater  part  of  the  active  force 
exerted  by  the  motion  of  the  cylinder  of  water  BCDO. 

The  example  I  have  taken  of  a  pressure  of  1320  foet  has  This  provc^l' 
been  verified  by  cxiTcriment,  and  all  that  could  have  been  ex- **y  *^*P"'"*°' 
pcctcd  in  it  actually  took  place.  This  (h'essure  is  considera- 
bly greater  than  any  that  usually  determines  the  height  to  which 
•ttcmpCi  hA\-e  been  made  to  raise  water,  so  that  the  water 
mm  is  applicable  to  every  ])ossible  ca«e  of  ascent,  a  circum- 
stance that  could  never  he  accomplished  by  wheels  or  pumps. 

Tliis  descriplinn  mtist  Ix*  sufficient  to  show,  tliat  the  ram  is  Thp  cnjrfnc  Is 

1,1  1-    I     ,-  •     •  .    1     .  •  •*      '11  «     *  liable  to  very 

hablcto  very  little  tiitlu^n,  and  that  ni  consequence  it  wdl  last  j.^^j^  ^^.^^.^  ' 

moch  longer  than  other  machines.     If  the  parts  be  made  as 

strong  as  the  calculations  of  the  resistance  requires,  it  may  be 

ptrfciimerl  it  will  produce  a  very  profitable  effect  for  a  great 

length  of  time  without  much  altoratiun. 

The  followjn::  is  an  acrf»unt  of  the  ^vo  experiments,  which 

I  promised,  to  shnw  the  v:dm>  of -I  he  ram. 

Estimate  uflru-  trpnulUurr  and  prt)*htcr  of  the  Tcatcr  ram  con-  Forc^  expend 
MtrNiffil   at   ihv  h/carfiitfi;  iiorLf  of  ilf.    Tur/jucty    *»^flr pj^upcil  hy 

Kxp.  I. 
The  ram  is  seven  inches  and  half  in  diamcte)- ;  the  height  of 

the  hen^  of  water  above  the  stoppage  valve  is  three  fcet  two 
inches. 

Tije  heichi  to  v\hich  the  Water  is  raised  is  fourteen  feet  two 
bicfte?  above  the  same  point. 

The  \tAter  that  descended  in  a  hundi-ed  strokes  of  the  raw, 
V^fiich  tofik  p?:ue  in  thix-e  minutes,  was  1.98/  English  qtiafts. 
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Ttn yiarts of  TikC  water  raided  ••#•••• 269  English  4iilif% 

rttTSiL"^"''       The  force  expcndca  therefore  waa   \997^Si  ^699S^     ' 
Height  11  feet.        That  obtained,  or  the  effect  •••«--  SSpxI^^s^ftl. 

Conseqncntly  if  I  represent  the  Hrsl  of  these  forect  bj  ]€Q^ 
ihcy  will  be  ill  the  proportion  of  100  to  60.  That  is  to  mf^ 
the  force  received  was  ^^  of  the  ^hok  the  machine  cohM 
employ. 

Ancnic'nir*:)         In  a  s^ccond  experiment,  made  somewhat  di^iently,  ic«a» 
inches  diani.       61    ^f  ^j^^  j-^^..^,.  onplied. 

adayabuvt'  11       ihifc  rain  ddivereil  at  the  height  (A  fourteen  feet  two  nchs 
^*^^-  (&ay  1 1  feet)  a  stream  of  water  equal  to  20  hydraulic  indies 

(pouces  de  fontnnicr),and  in  twenty -four  hours  working  whiU 

raise  near  130,000  quarts  to  that  height. 

Lxp.  II.  Estimate  of  the  expenditupe  and  produce  of  a  xrater  ran  tn 

inches  in  diameter f  placed  in  my  O'jcn  garde fi,  rue  its  Jnjt^ 
No.  122. 

The  fall  of  water,  which  I  have  procured  artificially  Car 
want  of  a  naturul  stream,  is  7^  feet. 
Bv  A  smaller         Tlie  height  to  which  the  water  is  raised  is  tltat  of  my  boott, 
•^"P"f  »*^P*'^or50fect.' 

raided  ()  J. 

Height  5U  feet.      The  water  expended  in  four  minutes  I  liud  to  be  315  quarts; 

that  raised  30  quarts. 

Accordingly  the  force  employed  is  315  x  7^  =.2S62. 

That  received    50x30  =  1500. 

This  engine  of       They  aro  therefore  in  the  ratio  of  100  to  6*4.  Cousequcmly 

raiII^43'hh2S.  a  ^^  produce  is  4^0  of  the  expenditure. 

day  50  feet  Xbjs  ram  therefore  is  capable  of  delivering  10,800  quarts  of 

water  a  day,  at  the  height  of  50  feet,  provided  the  cuntent  be 
the  same  tliroughout  that  jwriod. 

Anotlier  water      The  figure  of  tlie  ram  I  have  given  is  adaptiid  only  to  fidb 

stroluDiu  ®^  water.     I  have  contrived  another  for  streams,  but  this 

necessarily  costs  more  money,  though  it  may  frequently  prove 
very  useful.  It  would  t:ike  up  too  much  room  to  describe  tbo 
construction  of  this  ram  at  full  length,  besides  it  must  be 
varied  according  to  the  situation ;  and  I  would  undertake  it 
only  for  persons  who,  Laving  occasion  for  such  a  machine, 
should  acquaint  me  with  tlie  rapidity  and  magnitude  of  their 
btream  of  water. 

I  furnish  only  the  part,  which  I  call  tlie  hojid  of  the  ram,  or 

thai 
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l^iat  kicluded  between  JJ  and  i/,\Mth  exception  of  the  asccnd- 

n^pipc.     I  make  all  the  parts,  that  j'oini  this  hoau,  cf  a  piu- 

per  strength  ;  but  as  the  whole  requires  to  be  in  uuc  propur- 

it  is  necessary  to  point  this  out  to  those  who  would  make    . 

of  the  ram,  and  to  apprize  them  of  the  precautions  rcqui- 

Mtt  to  tb«  success  ol  tlic  machine. 

.    The  dam,  as  I  have  supposed  at  A,  is  a  very  common  struct 

tore.     Falls  of  water  an*  ai>plied  to  some  purpose  or  oihcr» 

«lnost  every -where,  and  this  arrangmcnt  is  always  requisite. 

•V a  person  have  not  such  a  dam,  and  wish  to  avail  himself  of 

«mpid  stivam  to  procure  a  fall,  one  might  be  constructed  in 

.tlie  common  mode,  without  any  difference  on  account  of  the 

mm,  except  a  place  for   fixing  the  tunnel  BD  in  the  part 

J. 

It  is  advisable  to  place  a  {^rating  QT  before  the  cone  leading  Agrating 

"^  tiTiT.ffiM  lie 

•to  the  tunnel,  to  stop  the  greater  part  of  the  filth  brought  down  Placed  bsibnt 

by  the  current.     This  grating  should  not  be  very  cloK*,  as  it  is  ^bc  coue. 

intended  to  stop  only  the  weeds  and  bits  of  wood  that  would 

bo  liable  to  prcvini  the  valves  from  shutting  perfectly.     Mud 

^nd  sand  could  he  ot  little  or  no  injury,  because  they  are  con- 

tiauaUy  carried  away  by  the  stream  O. 

The  body  of  the  ram,  BCD^  should  be  throughout  its  whole  Body  of  the 
length  equal  in  diameter  to  the  entrance  D  of  the  head  of  the 
ram.  All  irregularities,  whether  from  swelling  out  or  being 
narrowed  in  any  part,  should  be  carefully  avoided,  as  they 
would  greatly  diminish  the  velocity  of  the  water.  The  interior 
surface  ought  to  be  as  smooth  as  possible,  to  occasion  less 
friction. 

The  tunnel  should  be  made  of  iron,  copper,  or  lead.  I  shall 
give  tlie  means  of  calculating  its  thickness  below ;  but  it  ought 
to  be  capable  of  sustaining  at  least  twice  the  pressure  of  the 
ccAumn  of  water  ascending  from  the  air  reservoir* 
.  The  joints  of  the  ditferent  pieces  which  form  the  body  of 
the  ram,  must  be  made  with  great  care,  and  strong.  The 
slightest  aperture  would  diminish  the  effect  of  tho  machine. 
There  must  be  neither  elbows'  nor  alterations  in  the  slope. 
With  respect  to  the  length  of  the  tunnel,  I  will  give  proper 
directirtns  to  any  one  who  wi&hes  to  have  a  water  ram  con- 
structed. 

I  shall  have  given  every  nccc^^j^ information  respecting  the 

ri2  fixing 


108  TUIt    VArEK    &AM. 

fixing!  of  a  ram,  vhcn  I  have  spoken  of  the  pipe  for  conductn^ 
the  water  from  the  rcusrvoir  of  comprcftscd  air  fo  tin!  plaoe 
rt'quired :  for  what  I  shall  say  of  its  thickness  will  be  ^iplioa* 
«  blc  to  that  of  the  body  of  the  ram,  of  which  I  ban*  promised  to 
speak,  AK'ith  this  difierenco  only,  that  the  tuakd  9u^t  to  he 
nearly  duubre  the  thickness  of  the  ascending  pipe,  paying  re^gard 
likewise  to  tlic  proportion  requinMl  by  the  difierence  of 
diameter. 

To  the  head  of  the  ram  I  add  a  piece  of  this  tunnel,  lowhick 
the  rp«t  may  be  soldered.     This  senes  as  a  guide  fior  the  dia- 
meCer,  which  ought  to  bo  the  same,  as  well  as  for  the  thick* 
n&s,  if  the  tunnel  be  made  of  the  same  material  as  the  head 
>  of  the  ram. 
Rule  for  ralcu-      Should  tias  not  be  the  case,  the  following  arc  the  principki, 
ntSjofAf^*^  on  which  the  thickness  of  the  material  employed  shoald  \m 
pipes.  calculated.     If  wc  know  the  thickness  of  a  pipe  of  given  sub- 

stance in  a  given  experiment,  and  the  height  of  the  coliimi^of 
water,  the  prcssurc  of  which  it  bore  without  bursUng,  we  may 
by  this  proportion  the  thickness  of  the  pipe  to  be  made  to  the 
pressure  it  will  have  to  sustain,  and  the  diameter  given  it. 

For  example,  wc*  know  tliut  a  leaden  pi{)e  a  twelfth  of  an 
inch  thick  and  an  inch  in  diameter  has  supported  a  column  of 
water  (if  50  feet ;  and  if  we  would  know  the  thickness  requir- 
ed to  support  a  cnluniii  of  100  feet  with  the  same  diameter, 
we  must  multiply  tiic  prifccding  thickness  by  the  ratio  of  100 
to  30,  that  is  by  12.  If  we  would  altiT  the  diameter  and  not 
the  height,  we  must  multi()ly  the  pi-cccding  thickness  of  th« 
ratio  of  the  diameters ;  so  that  if  the  diameter  were  incrca*>ed 
to  4  inches,  the  thirkncss  must  l)c^\.  <»f  an  inch.  If  the  pres- 
sure* und  the  diameter  be  both  increased,  the  thickness  mus^ 
be  increased  in  the  ratio  of  both. 

Nothing  can  be  more  sim])le  than  this  calculation  ;  and  to 
avail  oursi'lves  of  it  we  need  only  know  ibe  pressure  that  pipn 
of  ditVerent  substances  have  sustained  with  a  given  diara^r. 
This  the  following  table  will  show : 

Table  of  tl  e      A  pipe  i*^  of  on  inch  thick  and  an  inch  in  diameter,       feet. 
•treiiprb  ui  q\'  t'opjHT,  su))porteri  a  column  of  water  of  ••••-•        4D0. 

A  pipe  of  the  same  dimensions  of  hra.vs  of  a  good 

quality,  about  a  fourth  4iQpi)  or  •  • •       SOO. 

Tho 
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Tlic  same  of  sheet  lead  ••• 60. 

A  pipe  of  cost  iron,  two  inches  in  diameter,  juhI  1  -i3d 

of  an  inch  thick,  at  least 5(k>. 

A  pi}K  of  elder,  an  inch  and  half  in  diameter  and 

two  inches  thick • 30  or  40. 

I  have  seen  pipes  of  this  kind  however  constantly  supporting 
the  pressure  of  a  cokimh  of  water  of  110  (qcX. 

From  tlicse  data  it  will  be  very  easy  to  calculate  the  proper  Ase^mJk^ 
thickness  of  the  ascending  pipe  according;  to  its  diameter^  l^^^*^ 
which  should  be  the  same  throughout  its  whole  length.     If  ft 
I>e  noccssiir)'  to  make  turns  in  it,  they  should  not  be  too  sharp ; 
for  the  water  will  move  in  them  with  more  facility,   the  more 
gently  the  alterations  in  its  direction  arc  made. 

It  is  ohviouSy  that,  when  water  is  to  be  raised  to  a  very 
jgrcat  height,  the  ascending  pipe  does  not  require  the  same 
thickness  throughout  its  whole  length.  The  greatest  thickness 
is  requisite  only  for  the  lower  pait,  the  pressure  diminishing 
as  the  column  of  water  shortens :  the  thickness  therefore  may 
be  gradually  diminished  also,  calculating  what  is  required  at 
different  heights  according  to  the  rule  above  given. 

Having  now  given  a  sufficient  description  of  this  new 
machine,  to  make  it  known  to  Uiose  who  may  have  occasion 
for  such  a  one,  it  will  bq  proper  to  speak  of  the  cxpencc  at- 
tending its  construction. 

This,  as  may  be  suimosed,   is  very  variable,   as  affected  by^^P^^®^ 

...  .    cuustructau^ 

the  circumstances  of  its  situation.     However  we  may  say  in 

general,  that  the  ex|)encc  is  proportional,  1st,  to  the  (juuntity 
of  water  to  be  raised ;  2dly,  to  the  hciglit  to  which  it  is  to  be 
conveyed;  3dly,  to  the  distance  from  the  reservoir;  4thly,  to 
ti)c  fall  of  water,  as  the  cxpence  will  be  greater  in  propor- 
tion as  this  is  less. 

An  example  will  give  a  more  accurate  idea  of  the  expcnce  of  One  of  4  ibcW 
the  machine.  The  object  was,  to  raise  to  the  height  of  108  fi'^it  !^,'|'!|*  ifio IJet 
the  greatest  quantity  of  water  possible  with  a  fall  of  4  feet  9  wth  a  fall  of  4 
inches.     For  this  purposie  a  ram  of  4  inchos  diameter   was  ' 

employed,  which  expends  nearly  1 1,500  cubic  feet  of  water  a 
Jay,  and  in  that  time  raises  nearly  240  cubic  fi.*et  to  the  height 
required.     The  ascending  pipe  is  9OO  feet  long.    The  ram 

properly 
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and  coit  tflOO.  pifyperly  SO  called  cost  2400  livras  [jC100]»  aod  the  other 
parts  necessary  to  the  machine  about  as  mudi.  Thua  for 
^200  a  quantity  of  viaiter  fully  sufficient  for  all  the  demands 
of  a  large  family,  for  catt]c>  tmd  for  watering  a  garden,  is  raised 
to  the  height  of  108  icet. 
Cost*  little  to  'To  hecp  the  machmc  in  order  cannot  cost  much  ;  for  all 
keep  in  order,  that  is  required  is  the  renewal  of  a  few  leathers,  or  |ueces  of 

trifling  value,  and  in  cleaning  it  after  floods  or  frosts. 
Tried  in  vari-       I  bclieye  I  have  given  sufficient  proofs  of  the  utility  of  the 
ouf  ^mH.       vk-ater  ram ;   and   the  facts  I  announce  may  be  verified  at 
several  places,  .where  they  have  been  fixed  both  in  France  and 
abroad.     Individuals  therefore  may  now  judge  of  the  advan- 
tages they  may  derive  from  the  machine. 
^"?IP^J*  ■?•      I  have  spoken  only  of  one  kind  of  water  ram ;  but  it  is  easy 
other purpofet,  to  conceive  that  the  principles  in  which  a  machine  so  difllneot 
from    any    hitherto  known    constructed,   are    capable    of 
much  more  extensive  application.     For  instance,   water  dif- 
ferent from  that  which  runs  in  the  ram  may  be  raised  by  it; 
that  is  to  say,  by  means  of  a  fall  of  water,  we  may  draw  water 

^asraiiiogwa.  q^^  q(  ^he  bottom  of  a  well  or  of  a  mine,  as  with  any  other 
ter  from  mines  ,   ^  ,.,../.    i  •.  u  t^ 

•rweUs.  engine;  and  from  the  simplicity  of  the  ram  it  would  have  a 

great  advanta<;c  over  others  generally  employed  for  this  pur- 
pose. But  I  shall  not  turn  my  attention  to  other  applications 
of  the  principles  of  the  water  ram,  till  I  have  derived  all  tke 
advantage  possible  from  the  ajiplicution  I  wish  to  make  of  it 
to  falls  and  streams  of  water. 


Remarks.     W.  N. 

The  water  ram      Tlie  engine  described  in  the  prcceeding  memoir  as  invented 
someyeanaro  ^y  ^^'  ^^ongolficr  was  the  subject  of  much  attention  aboai 
by  Mongolfier,  nine  years  ago,  and  a  paO?nt  was  then  taken  out  for  it  in  this 
kingdom.  That  part  of  the  contrivance  which  is  due  to  this  in- 
genious experimental  philosopher  (so  well  known  by  his  inven- 
tions in  aerostatics),  consists  in  his  causing  the  operation  of 
raising    water   by  its  momentum,  fiist  acquired   by  falliiig 
through  a  pipe,  to  be  performed  without  attendance, 
-—and  executed     An  engine  of  this  kind,  not  acting  spontaneously,  was  execo- 
murh  earUeV     ^^  thirty-four  y«!ars  ago  at  Oulton  in  Cheshire,   the  seat  <rf 
atthes^atof   Philip  llgcrton,  Esq.,  and  is  descrilxid  by  Whitehutit  in  the 
^;^^^'^^'  I'hilo- 
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PtiilosopUcal  Trmmictiou  for  1 775.  It  con^sts  of  a  pipe  1  ^ 
inch  diameter  and  upvrarcb  of  tOO  yards  long,  pfoceediog 
horiitontally  from  a  sprtag  ei^teen  or  twenty  tvet  above  the 
level  of  the  kitchen  of  the  house,  where  a  branch  of  the  pipe 
terminates  in  a  cock  for  supplying  the  domestic  purpoees  of 
the  deunily.  The  horizontal  part  of  the  pipe  has  a  valve  to 
admit  the  water^  but  prevents  its  retom.  After  pasang  this 
valve  it  enters  an  air  vessel  similar  to  that  described  in  the 
preceding  account,  and  proceeds  from  thence  by  means 
of  'anofhcr  pipe  upwards  to  the  brewery  and  otiier  ofKces. 
Whenever  the  kitchen  cock  is  opened  to  draw  water,  the  whole 
column  of  200  yards  is  set  in  motion,  and  upon  shutting  the 
cock,  its  momentum  drives  a  portion  of  water  through  the 
valve  into  the  air  vessel,  and  thence  upvrards  to  the  place  of  its 
destination. 

Mr.  Wliitehurst  does  not  say  to  what  height  it  is  thus  con-i 
veycd,  nor  the  quantity  raised  each  time  of  opening  and  shut- 
ting the  c^k* 


.  It  is  certainly  of  importance  to  know  what  may  be  the  true  tntrodactkrato 
value  of  the  water  ram ;  and  as  M.  Mongoifier  has  left  some"^"*^  ^' 

parts  of  his  account  defective  as  to  this  object,  I  shall  take  the 
liberty  of  making  some  additional  remax1(s« 

P.  104.  thU  water  uilifall.]  It  is  not  exactly  the  case  that  The  theory  of 
^he  water  in  the  pipe  moves  by  iu  fall.     It  is  put  inta  motion  JJj|J'^"iJJ^"' 
by  the  pressure  of  the  licad,  and  would  acquire  a  velocity  equal  poULshed. 
to  tliat  of  a  body  that  had  fallen  through  the  whole  height  from 
the  surface  of  the  flood  (impediments  of  friction,  eddy,  or  ob- 
struction in  the  pipe  excepted).     I  do  not  know  that  any  one 
has   examined  the  theory  of  this  engine.    The  general  pro- 
position may  he  made  tlius,  and  I  hope  some  o(  my  corres- 
pondents will  investigate  it : 

froponiion. — Given  the  height  of  an  head  of  water  and  thePn>po«i^eto 
height  to  which  a  part  of  the  fluid  is  required  to  be  elevated  by  ^^  ******* 
tlie  water  ram,  it  is  required  to  determine  the  diameter  and 
length  of  the  pipe  with  the  dimensions  of  the  other  parts  of  the 
engine,  and  also  ther number  of  strokes  per  minute  which  shall 
afford  the  greatest  possible  quantity  of  water  by  a  (given) 
lonj;-ceiitiaued  action. 

P.  105. 


I 
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It  i«  prolmble  P.  105.  the  pipe  l3Q0ff£t  long,"]  This  column  of  water  ubich 
ram  wcmld'not  ^^^^^"^  ^^  more  than  40  atmosphcrca,  would,  I  appruhcnd, 
b(f  durable  un- greatly  oxccod  whiit  in  actual  practice  could  be  trusted 
^m^,  '  #ithcrtothe  water  ram  or  any  other  hydraulic  engine.     Bra* 

mall's  pressure  enr^ine,  described  in  our  first  volume  of  the  quar- 
to series,  supports  bqtween  two  and  three  hundred  atmos|)heres 
by  piston  work :  but  a  sudden  stroke  with  this  action  would 
soon  destroy  the  apparatus.  By  suddenly  checking  tUc  escape 
of  the  water  in  one  of  the  small  pressure  engines  which  acted 
by  a  power  of  upwards  of  one  hundred  otmosphercs,  I  irmiid 
that  the  cylinder,  which  was  one  inch  diameter  and  half  art 
inch  thick  in  metal,  was  soon  hammered  out  so  as  to  exhibit 
external  marks  of  the  violence^  and  no  longer  to  fit  its  |uston.  * 
The  .luthor**  In  order  to  form  a  more  correct  notion  of  the  actual  effect 
tttfniat^  of  Its  ^£-  ^^    author's   engines    compared    with    other    hydraulic 

the.  machines,  it  may  be  obsc^nvd  that  the  author  seems  to  haiT 

supposed,  in  p.  10'<?,  that  the  efi'ect  of  an  engine  falls. short  of 
the  measure  of  i>ower  applied  to  it  only  because*  of  friction  anil 
imi)ediment$.  I  have  inserted  the  words  generate  Tcfocitf 
between  linickets  in  the  text,  because  the  case  in  question  relatn 
to  preponderance  and  not  equilibrium.  This  indispensable 
deduction  from  tlie  power  in  the  best  and  simplest  en<*ii;e^  i*' 
at  least  oni^fourih,  in  order  to  work  at  a  proper  rate.     Vac 

Ife  iiaderrntei  author  greatly   undcnalues    the   en«;ines  which    raise   water 

tn^aitl  **  ^y  ^*^'^^  ^^'^""^  >  **"*^  ^y  referring  to  the  machine  at  Marlv  lie 
has  taken  perhaps  the  least  productive  which  could  have  been 
any  where  found.  (See  the  description,  with  large  plates,  in 
Desaguliers*  Lectures.)  As  an  under-shot  wheel  cnsjine,  it  has 
ojd\  half  the  power  of  an  ovtr-sliot ;  and  from  the  prodiipou« 
\yeiL;ht  and  complicjation  of  its  parts,  it  is  not  in  the  lea-t 
udaptcii  to  J.C;  taken  as  the  representation  of  works  of  the  kind. 

The  water  ram  ThwU:;rj  tiic  water  ram  is  deservinj'  of  notice  for  its  simnlicitv 
has  not  more  ^    a-    ^  ■  -^       .  '     .      •  .  ,     .      .  " 

puw«rtlian       unuoftoct  in  many  situations,  some  ot  which  the  inventor  bus 

oU]«r  ea3i;jcs,  mculiunoil,  it  dues  not  from  his  facts  appear  to  have  niort 
pov.tT  ihun  other  enjjines.     This  statenu-nt,  of  betwix^n  ihiw- 

— as  It  Dtty      iVii!  liii  and  one-half  of  the  power  (paw  10^)  bein"  obtained  in 

taii9  three-  »  •    •  *  r. 

*»urtK3of  -.vhut^^CerlLCt,  is  vcfy  much  to  the  credit  of  the  engine,  as  it  comi'> 

f«l!s,  ji^.^f  xhc  watrr  prfssure  engine  of  Trevilli  ick(Phil.  Jour.  v.  i,  y. 

l6\')M\d   other  ^ooil    nmchrnes  which  arc  not  loaded  nuri 

Micdlcss  parts.     J  rem  general   reasoning,  I  sliould  not  feflti' 

o\^H*wled  54)  niuth. 

TLc 
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Tuc  water  ram  of  iM.Turquot,  taken  by  the  medium  rate  of  The  two  cn- 
cstimation  (namely,  according  to  Desagulicrs*)  is  equal  to  onc-uJi*."„  avlij-y?^ 
Jhird  pari  of  a  man,  or  one-fiftctmth  part  of  an  horse.  »™'^"  sralc ; 

Tlic  engine  at  the  author's  house  works  at  the  rate  of  one-  ;„„i  oiii*-ci"hth 
of  a  man's  power  ;  so  that  a  man  would  require  three  <Jf  •iaan- 


iKnirs  to  raise  as  much  water  as  tlie  engine  raises  in  2-4  hours. 

Wc  must  therefore  couMder  those  eni;incsas  models  or  small  '^arecrexlubi- 

tioiis  desirable. 
vorks  capable  of  being  multiplied :  but  we  have  not  yet  any 

practical  results  on  a  lan;e  scale. 

"The  water  ram  appears  to  be  a  very  ingenious  contrivance, 

bat  it  is  by  no  means  any  new  principle  or  extraordinary  elfcct 

in  hydWiulics,  as  some  writers  have  pretended. 


IV. 

AccowU  of  a  Si-rits  of  LxivriunniSy  shoLing  the  Efficts  of 
CompreuioH  in  mudijui/i^^  tht  Ilf/lcts  of  IJtat.  Bp  Sir 
James  Hall,  Buti.  J'.  U.S.  LdinLurgh. 

(CohiiftULil  froM  jvgv  '22. j 

SiLCT.  \i,—  -Rfptri/tintfs  //iaflt  in  PUtina^ — 7^///*  5/?ar, — idth 
Shtiis, — and  niih  LarLonatc  oj  Lime  uj  undoubted  pur itj/. 

l9lNCE  I  had  the  honour  of  laying  before  thij  Society  a  ^"*>**^'^^  .**•"* 
ihort  sketch  of  the  foregohig  experiments,  on  the  30th  of  tilco^rbona\w 
August  last  (lSO-4),  many  chemists  and  mineralogists  of  emi-  ^roso  from  im- 
nence  have  favoured  mc  with  some  observations  on  the  sub-  '^  ^^  ^' 
ject,  and  have  suggested  doubts  which  I  am  anxious  to  remove. 
It  has  been  suggested,  tliat  the  fusibility  of  the  carbonates 
maj  have  been  the  consequence  of  a  mixture  of  other  sub- 
stances, eitlicr  originally  existing  in  the  natural  carbonate^ 
or  added  to  it  by  the  contact  of  the  porcelain  tube. 

With  regard  to  the  first  of  these  surmises,  I  beg  leave  to^f  •*'*'*i"*'^W 
obi^erve,  that,  granting  this  cause  of  fusion  to  have  been  the  rnfolrncw^^^ 
real  one,  a  material  point,  perhaps  all  that  is  strictly  necessary 

*  On  men  and  horse  powers,  as  computed  by  cagincsrs.    Soe 
Philos.  Journal,  is.  pp.  t<15|^217. 

Voi.  XIV.— JrNE,  180().  a  in 
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in  ordf r  to  maintain  tkis  part  of  the  Hutfeoiuan  Theoffi 
was  nevertheless  gained.     For  granting  that  our  carbonalci 
were  impure,  and  tliat  their  impurity  rendered  thrm  fusibl^ 
still  the  same  is  true  of  alrooiit  every  natural  carbonate ;  n 
that  our  experiments  were,  in  tliat  respectj  conformable  to  ra- 
ture.     And  an  to  the  other  surmise,  it  has  been  sbewn  Ij 
comparing  together  a  varied  series  of  experimentSr  that  fbe  : 
mutual  action  bcriwoen  the  lime  and  the  porcelain  was  oc- 
casioned entirely  by  the  presence  of  the  carbonic  acid,  siocr, 
when  it  was  absent,  no  action  of  this  kind  took  place.    Tbe 
fusion  of  our  carbonates  camiot,  therefore^  be  agcxibci  tothe 
porcelain. 
Experiranits         Being  convinced,  however,  by  many  observations,  that  the 
pro.ieott.'ij  to      fusibility  of  the  carbonate  did  not  depend  upon  imporitv, 
point.  I  have  exerted  myself  to  rrmove,  by  fresh  experimenti,eTerf 

doubt  ttiat  has  arisen   on  the  subject.     In  order  to  guard 
against  nntural  impurities,  I  have  applied  to  such  of  mj  friends 
an  have  turned  their  attention  to  chemical  analysis,  (a  hnmck 
of  the  science  to  v/hteh  I  have  never  attended,  (to  famish 
me  with  carbonate  of  lime  of  undoubted  purity).  T»oln*iaie 
the  contamination  arising  from  the  contact  of  the  porcelain 
tubes,  I  determined  to  confine  the  subject  of  experirornt  iii 
some  substance  \i-hit:h  had  no  disposition  to  unite  with  ths 
carbonate.  I  first  tried  charcoal,  but  found  it  very  troiih2csoiur, 
o^ing  to  its  irregular  absorption  of  water  and  air. 
Puro  car!)onate      I  then  turned  my  thoughts  to  tlic  cuustruction  of  tubes  or 
pl^tina  rotted    ^^P'  ®^  platina  for  that  purpose.      Being  unable  readily  to 
uj>.  procure  proper  ^olid  vessels  of  this  substance,  I  made  use  of 

thin  laminated  plates,  formed  into  cups.     My   first  method 
was  to  fold  the  plate  exactly  as  we  do  blotting-paper  to  (omt 
a  filter  (Fig.  26.  See  the  quarto  Plate  marked  3,  in  vol.  xiii.); 
this  produced  a  cup  capable  of  holding  the  thincst  liquid , 
and  being  coxered  with  a  lid,  formed  of  a  similar  thin  plate, 
bent  at  the  edges,  so  ns  to  ovcrlnp  considerably    (Fig.    28.), 
the  carbonate  it  contained  was  secured  ob  nil  sides  from  the 
contact  of  the  porcelain  tube  xvithin  which  it  was  placed. 
Another  convenient    device  likewise  occurred  :  I  wrapt  a 
piece  of  the  plate  of  platina  round  a  cylinder,  so  as  to  fonn 
a  tube,  each  end  of  which  was  doi>cd  by  a  cover  like  that  just 
dcsciibt^  (Rg.  27.   and  2.9.).    In   figure  2^.  and  27.  these 
Cupstarc  represented  upon  a  large  scale,  and  iu  2S.  and  20. 

nearly 
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Tirnriv  of  thdr' actual  size).  'This  last  construction  had  tfie 
advantage  of  contaiDing  eight  or  nine  grains  of  carbonate, 
"whereas  the  other  would  only  hold  about  a  grain  and  a  half. 
On  the  other  hand,  it  was  not  fit  to  retain  a  thin  liquid ;  but 
in  most  cases,  that  circumstance  was  of  no  consequence  -,  atid 
I  foresaw  that  the  carbcmate  could  not  thus  escape  without 
proving  the  oaaaia  point  under  tensideratk)n>  namely,  their 
fusion. 

The  rest  of  the  apparatus  was  arranged  in  all  respects  as 
formerly  described,  ihc  same  precautions  being  taken  (o  {de- 
fend the  platioa  vessel  as  had  heen  used  with  .the  inner  ^ubes 
of  pored  .".in, 

In  this  manner  I  have  made  a  number  of  experiments  The  rrsnitii 
during  this  spring  and  summer,  the  result  of  which  is  highly  V^^^  ^"^ 
satisfactory.    They  prove,  m  the  first  place,  the  propriety  of  bonatc  it  more 
4^he  observations  which  led  to  this  trial,  by  shewing,  that  the  reerat-tuiy  than 
pure  carbonate,  thus  defended  from  any  ountamination,  is         ' 
decidedly  more  rdractory  than  chalk  j  since  in  many  eapjcri* 
ments,   the  -chalk  has  been  reduced  to  a  state  of  marble, 
U'hile  the  pure  carbonate,  confined  in  the  platina  vessel,  hat 
been  but  very  feebly  acted  upon,  having  only  acquired  the 
induration  of  a  sandstone. 

In  other  experiments,  however,  I  have  bees  more  success^  —but  the  re.- 
ful,  h&ving  obtained  some  results,  worthy,  I  Jthink -of  the  at-  [n[^rwtlii 
tention  of  this  Society,  and  which  I  shall  now  submit  to  their 
inspection.  The  specimens  are  all  inclosed,  for  fafety,  in 
glass  tubes,  and  supported  on  little  stands  of  wax,  (-Fig.  31. 
3'2.  33).  The  specimens  have,  in  general,  been  removed 
from  the  >cup  ^r  tube  jo(  platina  in  which  bbey  were  fosmed, 
these  devices  having  the  advantage  of  securing  bothlhe  vessel 
and  its  contents,  by  ooabling  us  to  unwrap  the  folds  ^without 
violence  j  whereas,  in  a  solid  Qup  or  tube,  it  would  Jbave  been 
difficult,  after  tbe  experiment,  to  avoid  xhe  desUuQtion  either 
^  the  vessel  or  its  contents,  or  both. 

April  lb*,  1805. — ^An  experiment  was  made  with  pure  cal-  Purr  raicare- 
careous  spar  from  St.  Goihzrd,  r^arkably  transparent,  and  ^e'.t^d^lJJlJj'^ 
having  a  strong  .double  jefraction,     A  temperature  of  40^  fasion* 
was  applied;  but  owing  19  some  accident,  the  weight  was 
Bot  known.    The  conical  cup  came  out  clean  and  entire, 
Iki  not  qttice  to  the  brim  with  a  yellowish-grey  substance, 

Q  2  having 
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having  a  shining  tuxfuot,  with  loogitodinal  Itreaks,  afe  wo 
aometimei  see  on  glan.  This  turface  was  here  and  there  in» 
temipted  by  little  white  tufti  or  protaberancei»  dispoaed  ii^ 
regularly.  On  tbe  ledge  of  the  cup^  fbnned  by  the  ends  of 
the  folded  platina,  were  several  gloliular  drops  like  minntie 
pearls,  visible  to  the  naked  eye,  the  nomber  of  which  amount* 
ed  to  sixteen.  These  seem  to  have  been  formed  by  tbe  en* 
tire  fusion  of  what  carbonate  happened  to  lie  on  tbe  ledger 
or  had  been  entangled  amongst  the  extremities  of  the  folds, 
drawing  itself  together,  and  uniting  in  drops ;  as  we  seo 
when  any  substance  melts  under  the  blowpipe.  Thia  result 
is  preserved  entire,  without  deranging  the  tube.  ■  I  am  sor* 
ly  to  find  that  it  has  begun  to  fall  to  decay,  in  consequence^  no 
doubt,  of  too  great  a  loss  of  its  carbonic  acid.  But  the  glo* 
bules  do  not  seem  as  yet  to  have  suffered  any  injury. 

BimiUr  experi-  April  25. — ^The  same  spar  was  used,  with  two  grains  of 
water,  and  a  beat  of  35^«  I  have  reason  to  suspect,  however* 
that,  in  this  and  several  other  etperiments  made  at  this  tiflM, 
the  metal  into  which  the  cradle  was  plunged^  on  first  intro* 
duction  into  tlic  barrel,  had  been  too  hot,  so  as  to  drive  off  the 
water.  There  was  a  loss  of  6.4  per  cent.  The  result  lay  m 
the  cup  without  any  appearance  of  frotiiing  or  swelling. 
The  surface  was  of  a  clean  white,  but  rough,  having  in  one 
corner  a  space  shining  Hive  glas^.  The  cup  being  unWrapt, 
tbe  substance  was  obtained  sound  and  entire  :  where  it  had 
moulded  itself  on  the  platina,  it  had  a  small  degree  of  lustIx^, 
with  the  irregular  semitransparency  of  saline  marble :  when 
broken,  it  preserved  that  character  more  completely  than  in 
any  result  hitherto  obtained  ;  the  fracture  being  very  irregu- 
lar and  angular,  and  shining  with  facet tcs  in  various  direc- 
tions. I  much  regret  that  this  beautiful  specimen  no  longer 
exiats»  having  crumbled  entirely  to  pieces,  notwithstanding  all 
the  care  I  took  to  enclose  it  with  glass  and  wax. 

Carbonate  of        April  26. — An  experiment  was  made  with  some  carbonate 

lime  purified  by  ^f  jim^,  purified  by  my  friend  Sir  George  Mackenzie.    Two 

art  was  render-        ./•  •         a        %    ,  i.t 

«d  cryitalline    gnuns  of  water  Were  introduced,  but  were  lost,  I  suspect,  as  m 

and  semitraAx.  the  last  case.     The  heat  applied  was  32°.    The  los«  of  weight 

of  32«.  ^8*  1^'^  P^''  *'^^'     Yet  thotigh  made  hut  one  day  after  tho 

last-mentioned  spednien,  it  remains  as  fresh  and  entire  as  s% 

first  and  promises  to  continue  unchanged.    The  external 

surface. 
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Murface,  8S  seen  oo  removing  the  lid  of  the  conical  cup>  w» 
found  to  shine  all  over  like  glan,  except  round  the  edges, 
which  were  fringed  with  a  series  of  white  and  rough  spher>- 
idi«s,  one  set  of  which  advanced^  at  one  spot,  near  to  the  ctth- 
tre.  The  shining  surface  was  composed  of  planes,  which 
formed  obtuse  angles  together,  and  had  their  surface  striated ; 
the  striao  bearing  every  appearance  of  a  crystalline  arrange- 
ment. When  freed  from  the  cup>  as  before,  the  substance 
moulded  on  the  platina  was  found  to  have  assumed  a  fine 
pearl/ surface.  Some  large  air  bubbles  appeared,  which  had 
adhered  to  the  cup,  and  were  laid  open  by  it»removal«  whose! 
internal  surface  had  a  beautiful  lustre,  and  was  full  of  striae 
like  the  outward  surface.  The  mass  is  remarkable  for  semi- 
transparency,  as  seen  particularly  where  the  air-bubbles  di- 
minish its  thickness :  a  small  part  of  the  mass  being  broken 
atone  end,  shews  an  internal  saline  stnicturb, 

April    29. — ^A  cup    of  platina  was    filled  with  several  a  ghcll  parttf 
large  pieces  of  a  periwinkle*  shell,  the  sharp  point  of  the  *^**^  ^^ '"**'« 
fpLral  being  made  to  stand  upright  in  the  cup.  (fig.  30.)*    A  ^Jlelt  3<P. 
heat  of  30^  was  applied,  and  no  water  was  introduced.    The 
cM>onate  lost  no  less  than  16  per  cent.     The  shell,  particu- 
larly the  sharp  end  of  the  periwinkle,  retained  its  original 
shape  in  a  great  measure,  so  as  to  be  quite  discernible }  but 
the  whole  was  glaaed  over  with  a  truly  vitreous  lustre.    This  « 

glaze  covered,  at  one  place,  a  fragment  of  the  shell  which 
had  been  originally  loose,  and  had  welded  the  two  together. 
All  the  angles  are  rounded  by  this  vitrifaction  -,  the  space 
between  the  entire  shell  and  the  fragment  being  filled,  and  the 
angles  of  their  meeting  rounded,  with  this  shining  substanoeb 
The  colour  is  a  pale  blue,  contrnsted,  in  the  eame  little  glass» 
with  a  natural  piece  of  periwinkle*  which  is  of  a  rcddisb-yel- 
low*  One  of  the  fragments  had  adhered  to  the  lid,  and  had 
been  converted  into  a  complete  drop,  of  the  size  of  a  mustard- 
seed.  It  is  fixed  on  the  wax  (at  b),  along  with  the  other 
pecimens  of  the  experiment  (fig.  32.).  This  result  shewi., 
as  yet,  no  sign  of  decay,  notwithstanding  so  great  a  loss  of 
weight. 

The  last  experiment  repeated  on  the  same  day,  and  pre-  R«petStien  ^f 
pared  in  the  same  manner,  with  large  fragmcntsof  sheh,  and  J^^^^^i 
the  point  of  the  penwinkle  standing  up  in  the  cop.     ▲  fbston. 

beit 

*  Turbo  tepcbra,  JLi/i. 
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heat  of  34*  was  applied ;  a  loss  took  place  of  15^  per  cent. 
All  the  original  form  had  disap))eared,  the  carbonate  lying  in 
-the  cup  as  a  complete  liquid,  with  a  concave  surface,  which 
did  not  shine,  but  was  studded  all  over  with  the  white  spheri* 
clet  or  tufts,  like  those  seen  in  the  former  results,  witbont 
any  space  betueen  them.  When  detached  from  the  cnp,  the 
surface  moulded  on  the  platina,  was  white  and  pearly,  with  a 
flight  gloss.  The  mass  was  quite  solid  \  no  vestige  whaterer 
appearing,  of  the  original  form  of  the  fngraents,  (fig«  33.)  • 
A  small  piece,  broken  off  sear  the  a])eT  of  the  cone,  shewed 
the  internal  structure  to  be  quite  salitie.  In  the  act  of  ar- 
ranging the  specimen  on  its  stand,  another  piece  came  off  in 
a  new  direction,  which  presented  to  view  the  most  perfect 
crystalline  arrangement :  the  shining  plane  extended  .acrosa 
,  t&e  whole  specimen,  and  was  more  than  the  tenth  of  an  inch 
in  all  directions.  This  fracture,  likeuise,  shewed  the  entire 
internal  solidity  of  the  mass.  Unfortunately,  this  specimen 
has  suffered  much  by  the  same  decay  to  which  all  of  them 
are  subject  which  have  lost  any  considerable  weight.  Hie 
part  next  the  outward  surface  alone  remains  entire.  1  hare 
never  been  able  to  explain,  in  a  satisfactory  manner,  thb  dif- 
ference of  durability  -,  the  last-mentioned  result  havMg  lost 
more  in  proportion  to  its  \ioight  th^m  this. 
Urtifioinl  pure      About  the  beginning  of  June,  I  received  from  Mr.  Hatch- 

<«rbonatc  of     ^^  some  purc  carbonate  of  iinie,  >\  hich  he  was  so  good  as  to 
liine  from  Mr.  ..u       •       *  •  i  t  t.       ^ 

Hatchett.    It  prepare,  with  a  View  to  my  cxpenmenis ;  and  I  have  been  con- 
reftiited  the       itantly  employed  with  it  till  within  these  few  days, 
nuicb*  My  first  experiments  with  this  substance  were  peculiarly 

uflfiortunate,  and  it  seemed  to  bo  less  easily  noted  upon  than 
any  substance  of  the  kind  I  had  tried.  Its  ex  heme,  purity » 
no  doubt,  contributed  much  to  this,  tlioifgh  another  circum- 
stance had  likewise  had  some  effect.  The  powder,  owing  to 
'  a  crystallization  which  had  taken  place  on  its  precipitatioOf 

was  very  coarse,  and  little  susceptible  of  closr  ramming ;  the 
particles,  therefore,  had  less  advanta^^e  than  when  a  fine 
powder  is  used,  in  acting  upon  each  other,  and  I  did  not 
choose  to  run  any  risk  of  contamination,  by  reducing  the 
substance  to  a  finer  powder.  Whatever  be  tlie  cafuse,  it  is 
— wnsrhnPRcd  certain,  that  in  many  experiments  in  which  the  chalk  was 
4nio  marble,      changed  to  marble,  this  substance  remained  in  a  loose  and 

brittle 
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brittle  state»  though  coQibtii^  ^eoenllj  of  clear  azid  shining 
particles.  I  at  last,  however,  nioceeded  fn  obtaining  spme 
yery  good  results  with  this  carbonate. 

In  an  experiment  made  with  it  on  the  ]  8th  of  June,  in  a  and  »»  another 
strong  heat,  I  obtained  a  very  firm  mass  with  a  saline  frac-  f^^"^" 
ture,  moulded  in  several  places  on  the  platipa,  which  was 
now  used  in  the  cylindrical  form.  On  the  23d,  in  a  similar 
experiment,  the  barrel  failed,  and  the  subject  of  experiment 
was  found  in  an  entire  state  of  froth,  proving  its  former 
fluidity. 

On  the  25th,  in  a  similar  experiment,  a  heat  of  64®  was  SiAUar  expcri* 
applied  without  any  water  within  the  barrel.  The  platina 
tube,  (having  been  contaminated  in  a  former  experiment 
with  some  fusible  metal),  melted,  and  the  carbonate  retain- 
ing its  cylindrical  shape,  had  fallen  through  if,  so  as  to 
touch  the  piece  of  porcelain '  which  had  been  placed  next  to 
the  platina  tube.  At  the  point  of  contact,  the  two  had  run 
together,  as  a  hot  iron  runs  when  touched  by  sulphur.  The 
carbonate  itself  was  very  transparent,  resembling  a  piece  of 
snow  in  the  act  of  melting. 

On  the  2()th  of  June,  I  made  an  experiment  with  this  car-  Another  pxpe*- 
bonate,  which  afforded  a  beautiful  result.  One  grain  of ''Xt  fillton. 
water  was  introduced  with  great  care ;  yet  there  was  a  loss 
of  6.5  ])fr  centp  and  the  result  has  fallen  to  decay.  Tlie 
pyrometer  indicated  45*.  On  the  outside  of  the  platina  cy- 
linder, and  on  one  of  the  lids,  were  seen  a  set  of  globules, 
like  pearls,  as  once  before  obtained,  denoting  perfect  fusion. 
When  the  upper  lid  was  removed,  the  substance  was  found 
to  have  sunk  almost  out  of  sight,  and  had  assumed  a  form 
not  easily  described.  (I  have  endeavoured  to  represent  it  in  * 

fig.  31.  by  an  ideal  section  of  the  platina  tube  and  its  con- 
tents, vundti  through  the  axis  of  the  cylinder).  The  powder, 
first  shrinking  upon  itself  in  the  act  of  agglutination,  had 
formed  a  cyluidrical  rod,  a  remnant  of  wliich  (^«  b  c)  stood 
up  in  the  middle  of  the  tube.  \\y  the  continued  action  of  heat, 
the  summit  of  the  rod  (at  a)  had  been  rounded  in  fusion,  and 
the  mahs  being  now  softened,  had  synk  by  its  weight,  and 
spread  below,  so  as  lo  mould  itself  in  the  tube,  and  fill  its 
lcm<  r  part  completely  (dfg  e).  At  the  same  lime,  the  vis- 
cid Huid  adhering  to  the  sides  (at  e  and  (/),  while  tlie  middle 

part 
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part  was  snkiug,  had  been  in  part  left  bchindt  and  in  ^rt 
drawn  out  into  a  tliin  but  tapering  sliape,  united  by  a  curved 
Mrfacc  (at  b  and  c)  to  the  middle  rod.  ^Vhen  tbe  platina  tube 
was  unwrapt,  the  thin  edges  (at  e  anf^  d)  were  preserved  all 
round,  and  in  a  state  of  f)eautiful  scmitnuuparency.  (I  have 
attempted  to  represent  the  entire  specimen,  as  it  stood  on  it« 
cone  of  wax,  in  fig.  G^.).  The  carbonate,  where  moulded  on 
the  platina,  had  a  clean  pearly  whiteness,  with  a  saline  ap- 
pearance externally,  and  in  the  sun,  shone  with  faccttes.  Its 
surface  was  interrupted  by  a  few  scattered  air- bubbles,  which 
had  lain  against  the  tube.  The  intervening  substance  was 
unusually  compact  and  hard  under  the  knife.  The  whole 
surface  {e  b  a  c  d,  fig.  31.)f  and  the  inside  of  the  air-bubbles, 
had  a  vitreous  lustre.  Thus,  every  thing  denoted  a  state  of 
viscid  fluidity,  like  that  of  honey. 

These  last  experiments  seem  to  obviate  every  doubt  that  n>* 
maincd  with  respect  to  the  fusibility  of  the  purest  carbonate, 
without  the  assistance  of  any  foreign  substance. 


piorccofthc 
comprwann 
diBCuysed. 


The  aaparatris 
consisted  of  a 
barret  of  iron, 
into  which  the 
materiftlt  were 
put,  aod  a  co- 
TCr  was  applied 
on  the  mouth 
and  kept  down 
by  a  loaded  le- 
ler. 


VIT. 

Measurement  of  tJic  Force  required  to  constrain  the  Carhanc 
Acid, — Apparatus  uith  the  Muzzle  of  the  Barrel  vpaaritj 
and  thexveight  acting  by  a  long  Lexer, — Apparatus  Xiiii  the 
Xtuzzle  doKm^ards. — Apparatus  with  Weight  acting  direct^ 
bf  on  the  barrel. — Comparison  of  various  results. 

In  order  to  determine,  within  certain  limits  at  ]esi3t»  what 
force  had  been  exerted  in  the  foregoing  experiments,-  and  what 
was  necessary  to  ensure  their  success,  I  made  a  number  of  ex- 
periments, in  a  mode  nearly  allied  to  that  followed  by  Count 
Rumford,  in  measuring  the  explosive  force  of  gunpowder. 

I  began  to  use  the  following  simple  apparatus  in  June  1503. 
I  took  one  of  the  barrels,  made  as  above  described,  for  the 
purpose  of  compretoion,  having  a  bore  of  0.75  of  an  inch*, 
and  dressed  its  muzzle  to  a  sharp  edge.  To  this  barrel  was 
firmly  fcrcwed  a  collar  of  iron  {a  a,  fig.  30\  Sec  quarto 
Plate  IV.  in  this  volume.)  placed  at  a  distance  of  alx>ut  three 
inches  from  the  inuz/le,  bavir^  two  strong  burs  {b  6)  pmject- 

*  This  wa?  the  size  of  barrel  used  in  all  the  rjUowIag  esperi* 
mcnt%  wlierc  Mie  fact  in  not  otherwise  expressed. 

ing 
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at  ri^ht  angles  to  the  barrel,   and  dmscd  square.     The 
thus  prepared,  was  introduced,  with  its  breech  down- 
s' into  the  vertical  muflic  (fig.  35.)  ;   its  length  being  so 
;dy    that  its  breech  should  be  placed  in  the  strongest 
tlic  two  projetrting  bars  above  described.  a*sting   on 

oilier  bsirs  (c  c,  fig.  35.)  laid  upon  the  furnace  to  recei\c 
;  one  upon  each  side  of  tiio  inuflle.     Into  the  barrel,  so 
pboed,  was  introduced  a  cr.idlr,  containing  carbonate,  witli 
k  the  arrangements  formerly  mentioned ;  the  rod  connected 
4dlil  being  of  such  length,  as  jubt  to  lie  within  the  muzzle  of 
4b  baiTcL     The  liquid  metal  was  then  poured  in  till  it  filled 
'die  barrel,  and  stood  at  tlic  mu/zlc  with  a  convex  surface ;  a 
qrliader  of  iron,  of  about  an  inch  in  diameter,   and  half  an 
fad  lUck,  was  laid  on  the  muzzle  (fig.  35.  and  370)  ft^d  to 
it  a  compressing  lAQitihi  was  iiu>tautly  applied.     This  was  first 
by  the  pressure  of  a  bar  of  iron  (d  e ,  fig.  35.),  three  feet 
li  length,   introduced  loosely  into  u  hole  f(/^,   made  for  the 
rflrpose  in  the  wall  against  which  the  furnace  stood;  the 
ittancv  between  this  hole  and  the  barrel  being  0nc  foot.     A 
^iNght  was  then  suspended  at  the  extremity  of  the  bar  (e)y  and 
fhn  a  compressing  force  was  applied,  equal  to  three  times 
l|at  weight.     In  the  course  of  practice,  u  cylinder  of  lead  A-as 
nbbtitutcd  for  that  of  iron,  and  a  piece  of  leather  was  placed 
IfiU-een  it  and  the  muizle  of  the  barrel,  which  last  being  dres^ 
ad  to  a  pretty  sharp  edge,   made  an  impression  in  the  lead: 
to  assist  this  cflect,  one  smart  blow  of  a  hammer  was  struck 
ipoB  the  bar,  directly  over  tlic  barrel,  as  soon  as  the  weight 
hacl  been  hung  on. 

It  was  essential,  in  this  mode  of  operation,  that  the  whole  — tlie  fusible 
of  the  metal  should  continue  in  a  liquid  state  during  the  action  ^jj^^lThe^^ 
of  beat ;   but  when  I  was  satisfied  as  to  its  intensity  and  dura-  time. 
li«Nn,    I   concealed  the  metal,    either  by  extinguishing    the 
foroacc  entirety,  or  by  pouring  water  on  the  barrel.     As  soon 
«>  the  heat  bepin  to  act,   drops  of  metal  were  seen  to  force, 
rhemselves  between  the  barn?l  and  the  leather,  following  each 
other  with  mop!  or  ic^s  rapidity,  according  to  circumstances. 
In  socne  experimrnts,  there  was  little  exudation;  but  few  of 
them  wrn*  entirely  free  from  it.     To  save  the  metal  thus  ex- 
trudf^i!,    I  })!accJ  a  bljick-lead  crucible,   having    its  bottom 
rH'rf'oTateii,  round  tho  biirrol,  and  luted  closrc  to  it,  (fig.  370  > 

X  ijT.  MV." Ji'.VK.  lSO(.i.  K  some 
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some  sand  being  laid  in  this  craoible,  the  metal  was  collected 
on  its  surfttce.  On  some  occasions^  a  sound  of  cbuUitiou  nas 
heard  during  the  action  of  kcat ;  but  this  was  a  certain  aiga 
of  failure. 

Results.  .  The  roKults  of  tho  most  impoFtant  of  thess  cxpcriniffnl% 

have  been  i-oduced  to  a  common  standard  in  the  second  table 
placod  in  the  Appendix  ;;■  to  which  referenee  is  nmde  by  the 
following  numbers. 

^xprrimcnt  No.  1. — On  the  l6th  of  June  1803, 1  made-  an  cxfcriment 

wre  of  ab^ut*'  ^'^^^  ^**^  arrangements.    I  had  tried  to  use  a  weight  of  301b. 

6001b.  on  the     produrin<i;  a  pr^se*ure  of  90  lb.,  but  I  found  this  not  sufficient. 

S^^aiint  50  at-  ^  ^^^^  '»»"?  o"  »  ^'«'8^*  o*'  ^  ^wt.,  or  112  lb.  ;  by  which  a 
mo!(pheres.  compressing  force  was  applied  of  3  cwt.  or  3d6  Lb.  Veiy 
little  metal  was  seen  to  escape,  and  no  sound  of  cbuUkkm  was 
beard,  llie  chalk  in  the  body  of  the  large  tttbe  waa  reduced 
to  quicklime ;  but  what  lay  in  the  inner  tube  was  pretty  firm, 
and  eflfcrvesced  to  the  last.  One  or  two  facettes,*  of  good  ap- 
pearance, were  likewis>e  fbund.  The  contents  of  the  small 
tul)e  hud  lost  but  ii,6  per  cent, ;  but  there  was  a-small  Vt&\\^ 
intrusion  of  metal,  and  the  result,  by  its  appearance,  indicalctl 
a  greater  loss.  I  considered  this,  however,  as  one  point  gained ; 
that  being  the  first  tolerable  compression  accomplished  by  a 
determinate  force.  The  pyrometer  indicated  2C^. 
-  The  experiment  was  repeated  the  same  day,  when  a  .^tilf 
smaller  quantity  of  metal  escaped  at  the  muzzle ;  but  the  bar< 
rel  had  given  way  below,  in  the  manner  of  those  that  have 
yielded  for  want  of  sufficient  air.  Even  this  result  was  sati"- 
factor}',  by  shewing  that  a  mechanical  power,,  capable  of  ibir- 
ing  some  of  the  barrels,  could  now  be  commanded.  TIk- 
carbonate  in  the  little  tube  had  lost  20  per  cent, ;  but  part  of 
it  was  in  a  hard  and  firm  state,  effervescing  to  the  last. 
Another  expo-  No.  2. — On  the  21st  June,  I  made  an  experiment  with 
"""^"^  another  barrel,   with  the  same  circumstances.     I  had  left  an 

empty  space  in  the  large  tube,  and  had  intended  to  introduce 
its  muTzle  downwards,  meanin:;  that  space  to  answer  as  an  air- 
tube  ;  but  it  was  inverted  by  mistake,  and  the  tube  cntcrin|: 
with  its  muzzle  upwards,  the  empty  space  had  of  course  filled 
with  metal,  and  thus  the  experiment  was  made  without  any 
included  air.  There  was  no  pyrometer  used ;  but  the  heat 
was  guessed  to  be  about  25°  where  the  subject  of  experimem 
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iky,     1  lie  hand,  when  opened,  was  found  full  of  iiicul,   und 
ibe  craiile  being  laid  flat  on  tlic  tabic,  a  coni^ideruble  quaiitity 
fof  nictul  ran  from  it,   which  had  undoubtedly  been  lodged  in 
life  vacuity  of  the  large  tube.  When  cold,  I  found  that  vacuity 
|M1  empty,  with  a  plating  of  metal.    The  tube  was  very  clean 
■tf  appearaacc,   ond,   when  shaken,  its  contents  were  heard  to 
tattle.     Above  the  little  tube,   and  the  cylinder  of  chalk,  I 
iHd  }iut  some  borax  and  sand,  with  a  little  pure  borax  in  the 
MkUe.  and  chalk  over  it.     The  metal  had  not  {lenetrated  bc- 
jttid   the  borax  and  sand,  by  a  good  fortune  peculiar  to 
Ibis  experiment;   the  intrusion  of  metal  in  this  mode  of  exc^ 
Thtion,  being  extremely  troublesome.     The  button  of  chalk, 
%u  found  in  a  state  of  clean  white  carbonate,  and  pretty  hard, 
Imt  without  transparency.  The  little  tube  was  perfectly  clean. 
fts  weight  with  -its  contents,  seemed  to  have  sutTercd  no  changb 
IraAl  vhnt  it  had  been  wlicn  first  introduced.     Attending, 
kow«ver,  to  the  balance  with  scrupulous  nicety,  a  small  pre- 
|Kmderance  did  appear  on  the  side  of  the  weight.     This  was 
cbne  away  by  the  addition  of  the  hundredth  of  a  grain  to  the 
taUe  in  which  the  carbonate  lay,   and  an  addition  of  another 
i^Ulidrcdth  produced  in  it  a  decided  preponderance.     Perhaps, 
iiad  the  tube,  before  its  introduction,  been  examined  with  the 
same  care,   as  great  a  difference  might  have  been  detected  ; 
and  it  seems  as  if  thore  had  been  no  loss,  at  least  not  more 
Chan  one-hundredth  of  a  grain,  which  on  10.95  grains,  amount 
to  0.0912)  say  0.1  per  vent.     The  carbonate  was  loose  in  the 
little  tube,  and  fell  out  bv  hhakini;.     It  had  a  veUow  colour, 
and  compact  uppearuncr,   with  a  stony  hardness  under  thu 
knifo,    and  a  stony  fracture ;    but  with  very  slight  facettes, 
and  little  or  no  transpannicy.    In  some  parts  of  the  s|)ecimen, 
a  whitish  colour  seemed  to  indicate  partial  calcination.     On 
examining  the  fracture,  I  perceived,  with  the  magnifier,   a 
small  globule  of  metal,  not  visible  to  the  nuked  eye,  quite  in* 
sulatrd  and  aingle.     Possibly  the  substance  may  have   con- 
tained others  of  the  same  sort,  which  may  have  compenssited 
for  a  small  loss,  but  there  could  not  be  many  such,  from  the 
general  clean  appearance  of  the  whole.     In  the  fracture,  I  saw 
here  suid  there  small  round  holes,  seeming,  though  imperfccdy, 
to  indicate  a  beginning  of  ebullition. 

I  made  a  number  of  experiments  in  the  ^amc  manner,  that  Mftljod  of  ope* 

j»  rt  ;<  »■»*»•»*!  wiMi  t»iQ 
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is  to  iny,  wilh  the  muzzle  nf  lh«  birrd  Drnranls,  in 
whicli  I  obtained  vpfy  solisfacloiy  rwollB  ;  Iret  it 
by  diancc  that  the  mbsUncc  neaped  the 
of  llic  fHsible  metal ;  which  induced  me  to  think  oTi 
^  mode  of  applying  the  compressing  weight  with  ihc! 
of  the  barrel  downward*,  by  which  I  npected  to; 
a  detcn«iri.ile  weight,  all  the  experimenhs  formert^i 
in  baiTcl*  closed  by  congealed  mel^  ;  and  tliat.by 
tiBc  of  an  air-tube,  the  air,  rising  to  llie  breech,  w-ouM 
the  content*  of  the  tube  from  any  coQiamination.  In  fhU 
view,  the  barrel  was  introduced  from  below  into  the  amlBa 
vritb  ila  breoch  upwards,  and  retained  in  that  poiitioa  by 
means  of  a  hook  fixed  to  the  furnace,  till  the  collar  waimajR 
10  press  up  against  ilie  grate,  by  an  iron  lever,  Inailcd  wilha 
weight,  and  testing  on  a  sun(.oJt  placed  in  front.  In  taaie 
experiments  made  in  this  way,  the  reault  was  ohtainrd  nry 
clean>  as  had  been  expected ;  but  the  force  had  been  too 
fcchle,  and  when  it  was  increased,  the  furnace  yicUcd  vf 
ward«  by  the  mechanical  strain. 
>f  I  found  it  lliereff^rc  nircessary  to  ate  a  frame  of  inn,  (ir 
io  lig.  3S. ;  ihc  frame  being  represented  M:paraicly  in  fis-^^ 
by  which  the  brict-work  wa«  relieved  from  the  mecbanc^ 
strain,  This  frame  con^isleil  of  two  bars  fo6  and/e,  fi^J. 
38.  ami  39.  qnann  I'laie  III.),  fixed  into  the  wail.  (M  «  nd 
f.J  passing  horiiontnlly  under  ibe  furnace,  one  on  each  lUt 
of  ihe  muffle,  Hirning  Ooan^vards  at  the  front,  (in  i  and  t], 
an^'meeung  at  t]ic  gronnd,  with  a  Hat  tur  ("c  ilj  uniting  iIk 
^tdfele.  In  liiis  m:iniier,  a  kind  of'»tinup  (hciit)  wu 
formed  in  front  of  the  furnace,  u|  on  tbc  eras*  bar  (edj  <€ 
which  a  block  of  wood  CA  ^,  fig.  ;js,y,  was  |:laced,  suppoRisg 
nn  edgcaf  iron.  u|  on  which  the  lever  rested ;  llie  working 
end  of  Ihc  lever  fg)  acting  upwards.  A  Mraia  wa»  exencd, 
by  means  of  the  barrel  and  its  colbr,  agamsl  the  homoDta! 
bars,  fnftand/f;,  which  was  cflcctnally  resisted  by  the  wall 
(nt  a  aoAf)  at  one  end  of  tliese  bars,  aud  by  the  uprigitt 
bars  (chan<X<l  r)  at  (lie  other  aid.  In  this  mtinner  the 
whoir  ilrain  was  sustaiiit-d  by  the  frame,  and  the  t'urnacB 
stooti  without  injury. 

The  iron  bar,  at  il!  working  end,  was  formed  !d:o  ibe 
^Iiape  of  a  cup.  (at  s  )■  ^"^  I'^lf  filled  with  iMd,  the  «iuMtfIi 
Mirface  of  whtih,  was  aiii  lied  to  the  mun/le  of  the  burrrf. 
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?Fhe  lever,  too,  was  lengthened,  by  joiniog  to  the  bar  of  iran. 
a  beam  of  wood,  malung  the  whole  ten  feet  in- length,  in 
this  niaaner,  a  pressure  upwards  was  applied  to  the  barrels 
equal  tp the  ^«'eight  of  M>  cwt,   '   '         .-a*  ? 

•  In  the  former  method,  in  which  the  barrcL  stood  with  its  Obsenratiom 
muzzle  upwarfs,  the  weight  was  applied  while  the  metal  W48 1^^^^  * 
liquid.  In  this  case,  it  was  necessary  to  let  it  previously  con- 
gea],  otherwise  the  contents  would  have  run  out  in  placing 
the  barrel  in  the  mul'iie,  and  to  allow  t|ie  lique£iction  csseqti^ 
to  these  trials,  to  be  produced  by  the  propagation  of  heat  from 
the  roqffle  downwards.  This  method  required^  therefore,  in 
every  case*  the  qse  of  an  air-tube;  for  without  iti  the  heat; 
acting  iipoQ  the  breach,  while  the  metal  at  the  muzzle  was 
still  cold,  would  infallibly  have  destroyed  the  barrel,  A  gre^ 
number  of  |hese  experiments  failed,  with  yery  considerable 
waste  of  the  fpsible  metal,  which,,  on  these  occasions  was 
nearly  all  lost,  ^qt  a  few  of  them  succeeded,  and  afforded 
very  satisfactory  results,  which  I  shall  now  meqtion. 

In  November  IS03,  soh^e  good  ex^ieriments  were  made  |n  Socceufulope* 
this  way,  all  with  a  bore  of  0.75,  and  a  pressure  of  10  cwt.      "^**""- 

No.  3. — Oathe  l^Hb,  a  good  limestone  was  obtained  in  an 
experinient  made  i|i  a  temperature  of  21%  with  a  loss  of  only 
I A  per  cent^^ 

No.  4.-^-On  the  22,  in  a  similar  ei^perimenty  there  wasixtr 
tic  exudation  by  the  muzzle.  The  pyrometer  gave  3 1®.  The 
carbgnatc  was  in  a  porous,  and  almost  frothy  state^ 

No.  5. — In  a  second  esi penmen t,  made  the  same  day.lte 
beat  rose  to  37°  or  41".  The  substance  bore  strong  maifel 
of  fusion,  the  upper  part  having  spread  on  the  little  tube : 
the  \>hole  was  very  much  shrunk,  and  run  ngainst  ope 
bide.  The  mass  sparkling  and  white,  and  in  a  very  good 
state. 

No.  6. — On  the  2dth,  an  experiment  was  made  with  chall(,  Failure  of  ono 
and  some  fragments  of  s|uil  shell,  with  about  half  a  grain  of  ^'^^^'^^  barrels, 
water.  The  heat  had  risen  to  near  5 1»  or  IJ)".  The  barrel 
had  been  held  tight  by  the  beam,  but  was  rent  and  a  little 
swelled  at  the  breech.  The  rent  was  \\ide,  and  such  as  has 
always  appeared  in  the  strongest  barrels  A\hen  they  failed^ 
The  carbonate  was  quite  calcined,  it  had  boiled  over  the  little 
tube,  and  was  entirely  in  a  frothy  state,  with  large  and  dis- 
tinctly 
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tinctly  roonded  air-hoks.    The  fngmaitB  of  shell  wliidi  Iia4 
occupied  the  upper  put  of  the  little  tube,  had  loit  ewerj*  titaa 
of  their  origitiai  shape  in  the  act  of  cbnliitioii  and  fodovi. 
The  eompreis^      No.  7.— On  the  26th  a  siniilar  experiiAeht  waa  nadet  ik 
#? iStihf^^^  which  (he  banrdi  was  thrown  open,  in  spite  of  this  prmtaM 
sioa.  copprassing  force,  with  a  report  like  tihat  of  li  gBn;  (aa  I 

told,  not  having  been  f>ft*8ent),  and  the  bar  ras^Hmd^n  a 
of  strong  vibration.  The  earlx>natie  was  calcined,  anil  a6VMh 
what  frotb}^  the  heart  of  one  piece  of  chalk  used  was  bi  a  Mfa 
of  saline  mart)]c.  -     -^ 

OperatSoDi  It  now  occarrcd  to  me  to  \«'ork  with  a  cofnprtssn%  'Kxroe, 

iBtodei^  "tibe  *^^  ^^  air-tube,  trusting,  as  happened  accidentally  in  one  rase, 
diat  the  expansion  of  the  liquid  would  dear  itself  by'genth 
exudation,  without  injury  to  the  carbonate.    In  this  in^^J'ft 
was  necessary,  for  reasons  lately  stated,  to  place  the  nmile 
upwards.     Various  trials  raarle  thus,  iit  this  time,  aflbi^iM  no 
remailcabic  results.     But  I  resumed  the  method,  with  Ae  Al- 
lowing alicration  in  the  applijcatioq  of  die  wc)ght|  pA  the  tfA 
of  April  1804. 
A  direct  com-       '  I  conceived  that  some  inconvenience  might  arise  from  thi 
«!ie?amHh!u     mode  of  employing  the  weight  in  the  former  cx|)criments.    lo 
.Jfnrer  rtjecUnl.  them  it  had  been  applied  at  the  end  of  the  bar,  and  its  efect 

propagated  aloi)g  it,  so  as  to  press  against  the  barrel  at  its  other 
extremity.  It  occurred  to  mc,  that  the  propagation  of  motion 
in  this  way,  requiring  some  sensible  time,  a  considerable  quan- 
Jif^  of  carbonic  acid  mi^^ht  escape  by  a  sudden  eruption,  before 
.  Aat  propagation  had  taken  clVcct.  I  therefore  thought,  that 
more  ett'cctual  work  might  bo  done,  by  placing  a  heavy  roa&s 
(fig.  40.),  so  as  to  act  directly  and  simply  upon  the  muzsle  of 
the  barrel ;  this  mass  being  guided  aud  commanded  by  means 
of  a  powerful  lever,  (a  h).  For  this  purpose,  I  procure  an 
iron  roller,  weighing  3  cwt.  7lb.,  and  suspended  it  over  the 
furnace,  to  the  end  of  a  beam  of  wood,  resting  on  a  support 
near  the  furnace,  uith  a  long  arm  guided  by  a  rope  (c  c)  and 
pulley  (d)^  by  which  the  weight  could  be  raised  or  let  duwv 
at  pleasure. 

With  tliis  apparatus  I  made  some  tolerable  experiments; 
but  I  found  the  weight  too  light  to  afford  certain  and  steady 
results  of  the  best  quality.  I  therefore  procured  at  the  foundry 
a  large  mass  of  iron  (J )i  intended,  I  Wieve,  for  driving  piles, 

aud 
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and  which,  after  tHowiDg  fer  the  counterpoise  of  the  beain» 
gave  a  direct  pressure  of  8.1  cwt ;  and  I  could,  at  pleasufet 
diminish  the  compressing  force,  by  placing  a  bucket  (e)  at  the 
extremity  of  the  lever,  into  which  t  introduced  weights,  whose 
efiect  on  the  ultimate  great  mass,  «ras  known  by  trial.  Many 
barrels  fiuled  in  these  trials :  at  last,  I  obtained  one  of  small 
bore,  inch  0.54,  which  gave  two  good  results  ou  the  S2d  of 
June  1804. 

No.  8. — Wishing  to  ascertain  the  least  compressipg  ferce  Trial  of  thn 
by  which  the  carbonate  could  be  effectually  constrained  in  jjj'^foroe^foir"' 
melting  heats,   I  first  obser%'ed  every  tiling  standing  firm  in  a  effectu)  coa- 
lieat  of  above  20" ;  I  then  gnulually  threw  wciglits  into  the  c«SSI2te1L'? 
bucket,  till  the  compressing  force  was  reduced  to  2  cvnU    Till  tuaed  heat.     It 
tlicn,  things  continued  steady ;  but,  on  th^  pressure  being  still  jb^'nUie 
further  diminished,  metal  began  to  oose  out  at  the  muzzle,  round  inch,  or 
with  increasing  rapidity.     When  the  pressure  was  reduced  to  ^JSres  **""*" 
lij  cwt.  air  rushed  out  with  a  hissing  noise.     I  then  stopped 
the  experiment,   by  pouring  water  on  the  barrel.     The  piece 
of  chalk  had  lost  1^  per  cent.     It  was  white  and  soft  on  the 
iiMt:»ide,  but  firm  and  good  in  the  heart. 

No.  <)• — An  experiment  was  made  with  chalk,  in  a  little  Evpcrim«nt 
tuhc  ;  to  this,  one  grain  of  water  was  added.  I  had  intended  eluded. 
it^  work  witii  4  cwt.  only ;  but  the  barrel  was  no  sooner  placed, 
Miuii  an  e.vudation  of  metal  began  at  the  muzalc,  owing,  doubt- 
1.^  -,  to  the  elasticity  of  the  water.  I  immediately  increased 
mt»  j)rcssurc  to  8.1  cwt,  by  removing  the  weight  from  the 
{jiickt  t,  when  the  exudation  instantly  ceased.  1  continued  the 
Urc  lor  three  quarters  of  an  hour,  during  which  time  no  exu- 
'iarioii  hupponed;  tiien  all  came  out  remarkably  clean,  with 
-*:.iriv!y  any  contamination  of  metal.  The  loss  amounted  to 
.!..'»8  per  cent.  The  substance  was  tolerably  indurated,  but 
had  iiof  acquired  the  character  of  a  complete  stone. 

In  tlicrc  two  last  experiments,  the  bore  being  smiJl,  a  pyro- 
inrtcr  Could  not  bi*  admitted. 

On  the  -ith  of  July  1804,  I  made  three  very  satisfactory  cx- 
poriincnts  of  this  kind,  in  a  barrel  with  the  large  bore  of  0.75 
of  an  inch. 

No.  10. — was  made  with  a  compressing  force  of  only  0  cwt.  Experimcnft 
A  small  eruption  at  the  muzzle  being  ob&crvcd,   water  was  ^''^'*  ***® ''"^' 

thrown 
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thrown  on  the  baircl :  the  p}Tometcr  gave  31* :  the  chalk  wftf.-. 

in  aiirm  state  of  limestone. 

No.  1 1 . — ^with  4  cwt.     The  barrel  stood  without  aiiy  enip-i 

tion  or  exudation,  «till  the  heat  rose  to  25^    There  wa£  a  loss. 

of  3.6  pfr  cent. :  the  result  was  superior^   in  hanlncss  and 

transparency,    to  the  lust,    having  somewhat   of    a   sidiiio 

fracture. 

No.  12.— ^ith  5  cwt.     Tli^  result,   with  a  loss  of  2.4  per 

cent.^  WM^of  a  quality  superior  to  any  of  those  lately  obtained. 
I>eAictioiif  of  Thesi  experiments  appear  to  answer  the  end  profjosed,  of 
IL  JEiSiiit*  iscertaining  the  least  pressure^  and  lowest  heat,  in  which  lime- 
ffiMatone^an^  stone  can  be  formed.  The  results^  with  \'arious  bands  oi 
'^^bofiie  ^  dilferent  sizes,  agree  tolerably,  and  tend  to  confirm  eadi  other, 
pmsedinat-  The  table  shews,  when  we  coni|)are  numbers  1,  2,  8,  10,  II, 
iIId?]X*of^  ^^'  ^^*'  ^  pressure  of  52  atmospheres,  or  1700  foot  of  scii, 
•ea.  is  capable  of  forming  a  limestone  in  a  proper  heat. '  That 

under  86  atmospheres,  answering  nearly  to  3000  feet,  or  about 

half  a  mile,  a  complete  marble  may  be  formed :    and  lastly. 

that  with  a  pressure  of  173  atmospheres,  or  5700  feet,  that  is, 

little  more   than  one  mile    of  sea,   tlie  carbonate  of  lime  is 

made  to  undergo  complete  fusion,   and  to  act  powerfully  on 

other  eaiths. 

CTo  be  continued,) 
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Invthtigationofthe  Temperature  at  which  Water  is  of  greaUtt 
Density  ;  J rom  the  Experiments  of  Dr,  Hope,  un  the  Cou- 
t ruction  of  Water  by  Heat  at  loxs  Tcmjteraturcs.  By  J. 
Dalion. 

{Conchdcdfrom  vol.  iii.  p.  380.) 

To  Ml-.  NICHOLSON. 
SIR, 

rartjitfrconti-    Ix  ^y  last  letter  I  apprcheml  it  has  been  shewn  that  the 

oeratiou  ot  Dr.  ,        4-    i^      ,  •        ,     • 

Hope's  ejkptri-  ^^^^"'l'*  tit   Dr.  Jlupc  a  tir^t  experiment  demonstrate  rh:it  wafer 

meats.  ij  di-n-^est  at  01  ncai  ihe  360®.     I  now  proceed  to  shew  that 

the  remaining  Ijwr  experiments,  as  far  as  ibej  ap|.ly,  tend  to 

establish  the  ?;i?j.r  cuiiclusion. 

The 


199  GKEAtlST   DERtlTT   OF  WATIB. 

In  the  £rst  iilterva],  which  commences  with  the  change 
,  of  the  current  from  down  to  up,  we  observe  the  top  loeei 

4^9  and  the  bottom  none.  The  bottom  losing  nothing  is  un« 
occountahic,  when  the  ascending  force  was  a  minimum,  ex- 
cept on  tiie  supposition  that  the  cooling  liquid  at  bottom 
during  ttiis  interral  was  88  or  40«  instead  of  33^  The  third 
interval  gives  9P  descent  at  bottom,  and  less  than  l^at  top; 
Chis  cannot  be  the  effect  of  an  atcending  current ;  and  stiB 
lest  can  the  changes  in  the  fourth  and  fifth  intervals  be  a»p 
ciibed  to  the  same  cause. 

'  By  frequent  trials  with  a  jar  of  S  inches  deep,  and  2^  dia- 
mctef,  containing  water  Of  40°,  and  plunged  into  an  ice-cold 
inixturey  to  the  same  level,  in  a  jar  of  7  inches  diameter,  I 
imve  found  the-  thermometer  at  bottom  always  descends  to 
-9S<^  before  the  top  one ;  thip  last  generally  passes  the  other 
about  ST**,  and  even  after  remains  lowest :  after  being  10  mi- 
ttdtes  at  rest  the  top  thermometer  is  about  35°,  the  bottom 
alKAit  37°,  and  the  water  at  the  bottom  of  the  jar  at  35*«  the 
gir  being  40°. 

BtaminstkHi  Dr.  Hope's  third  ejqserimcnt  is  an  instructive  one,  and  the 
third  exiSi-*  conclusion  he  derives  from  it  is  admitted  ;  namely,  that  water 
DMnts.  of  32°  is   not  spcciiically  heavier  llian  water  of  40**.     Bat 

whether  arc  wc  to  infer  from  it  that  water  of  40°  is  cqval  to 
water  of  32°  in  density,  or  that  it  is  svperior  ?  I  think  the 
former.  Whenever  a  column  of  water  of  32^*  is  situated  on 
another  warmer  column  of  the  same  denaity,  (whether  it  be 
40  or  48°)  there  can  be  no  current  generated  from  the  ma- 
tual  interchange  of  heat  of  (he  tvso  columns,  neither  imme- 
diately nor  remotely.  T!io  connecting  film,  or  stratum,  will 
indeed  instantly  assume  the  intermediate  temperature  of 
greatest  density  (of  S6  or  40"),  and  the  contiguous  strata 
above  and  below  will  gradoally  shade  off  into  warmer  and 
colder  water  ;  hence  the  horizontal  strata  will  be  of  different 
specific  gravities,  but  the  perpendicular  columns  of  particles 
will  all  be  of  the  same  gravity,  and  therefore  no  motion  ensue. 
Jfow  does  not  the  experiment  testify  that  tl;::*  .-tate  takes  place 
when  the  temperature  is  at  40",  and  not  at  48^?  licncc  wo 
must  infer  from  it  that  water  of  40^'  is  of  the  same  spccifJo 

gravity 
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The  second  .eKperimcnt  is  by  far  the  least  isatisftictory^  in-  Tlie«econdex. 
^ecd  it  may  be  shewn  that  the  results  are  inconsistent  witb  each  K^^^"'^ 
ether;   this  arises  from  the  difficulty^  not  to  say  impossibility^  Taiioiis4ic- 
f>[  keeping  up  a  steady  ice-cold  temperature  in  aj.fr  containr  ^**'****** 
ing  another  with  comparatively  warm  water  in  it.     When  we 
consider  that  the  water  in  the  jar,  the  air,  and  ^thc  table  are 
incessantly  pouring  heat  into  the  ice-cold  watei:,  ^nd  that  the 
warmer  water  descends  by  the  exterior  side  's>i  the  k^Dor  jar, 
and  by  the  intecioa:  side  of  the  outer ;  also  ihat  the  ide,  M'hich 
is  to  regulate  the  temperature,  is  every  9jK)me:it  swimming  o^ 
the  t(^)  of  4hc  water  when  not  agitated,  we  must  be  in  doubt 
what  was  the  irve  mean  temperature  of  the  water  at  the  bot- 
tom of  the  jur  during  the  80  minutes  which  this  experiment 
<:ontinued.     From  the  circumstanci»s,  I  judge  that  if  the  agi- 
tation were  discontinued  10  minuj^,  the  temperature  at  bptr 
•torn  would  rise  from  3:2  to  36° ;  however  this  may  have  beeOi 
\i'c  cannot  suppose  that  it  could  be  kept  uniformly  at  32^  by 
•*<  repeated  cautious  agitation;''  whilst  the  temperature  at  top 
would  be  constantly  at  or  near  32^.     Hence  tfie  uncertainty 
of  any  conclusion  derived  from  this  experiment.     If  we  take 
ihe  experiment  at  the  4-6tb  minute,  when  the  two  thermoine- 
tors  were  at  40o,  and   exhibit   the  succeeding  temperatures 
wiili  their  ditTerenccvs,  wc  shall  immediately  perceive  an  irre- 
inilarity  uimccountjfblc  on  the  supposition  of  uniform  exterior 
temperature  of  3*2^, 

Minutes,         Top  Dif.  R«>t.  Dif. 

46 40  40 

4     —  —     0 

52 36  —  40 

1+—  --     1 

58 35  —  39 

1-  —     2 

65  .^ 34  —  37 

0     —  —     1 

75 34  —  36 

0     —  —     2 

103 34—34 

Vol  .  XIV.— JuKB,  1806.  Sr  In 
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4«Conrf  is  that  in  which  the  liqtiid  still  dcsGends,  but  so  art^ 
produce  regular  strata  from  the  bottom,  incrcaiing  in  tcmpeti^ 
ture  upwards  to  the  middle,;  where  it  at  last  becomes  of  that 
temperature  which  is  o£  tlio  same  specific  gravity  as  the  upper 
liquid  at  32^ ;  the  third  ih  that  in-  which  all  the  heat  acquired 
ascends  into  the  upper  half  of  tlic  vessel.  Let  us  now  msc 
whether  the  5th  Qxperimcut  of  Dp.  Hope  H*ill  more  favour  the 
notion  of  greatest  density  at  36  or  at  40^.  In  transcribing  hi^ 
results,  I  will  add  a  column  denoting  the  temperature  at  the 
middle  of  the  vessel ,  such  as  I  apprehend  it  would  have  been 
found  by  a  tlicrmometer.  It  must  therefore  be  noticed,  thiil 
tlie  middle  column  is  an  imaginary  one,. and  not  obtained  fioiu 
Dr.  Hope's  observations. 

The  observations  were  :- 

Bottom.     Middle,  Top. 

At  commencement,     —  32  —    32  —  32 

In  10  minutes,.         —  35  —     34  —  32 

35 36—  —     35  —  32 

20 36-^^  —     36  —  32 

25 37  —37  —  33. 

30 38  —     38  —  33 

38 38+  —     40  —  3a 

45" 39—  —     42  —  33- 

50- 39-f  —     44-  —  44j 

55 39-f  ~     4tf  —  45 

(to ^— 39+  —     48  —  48 


Induction  that      Now  if  we  take  30°  as  the  point  of  greatest  dcnut y,  the  fuU 

dteBrit^^t36*>P^"°^.  ^^  ^"*^  ^^^^^   ^^  ^^  minutes,  after  wijich,  the  bottom 
aiid  not40<».      thermometer  was  found  at  56^+  ,  the  middle  probably  35  or 
.      .  36®,- and  the  top  one  unaffected  at  32°;  the  second  ]HTiod  will 

terminate  about  38  or  40  minutes,,  when  the  bottom  thermo- 
meter was  38+, the  middle  40°  (indicating  the  same  specific 
gravity  as  32"),  and  the  top  33°,  having  only  gained  I*';  the 
third  terminates  with  the  ex[>criinent ;  during  this  period  the 
-.^  ..  V.  bottom  thermometer  has  gained  P,  which  may  easily  be  ac- 
'  counted  for  by  the  natural  tendency  to  equalization  of  tem- 

perature in  the  lower  half  of  the  jar;  the  middle  of  the  jar, 
btniig  the  focus  of  heat,  may  be  supposed  about  equal  to  the 

top 
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tij^in  teroperatute,  and  to  havo  gained  8^  whilst  the  top  has 
n^\y  passed  from  33^  to  48''»  an  increase  of  15^. — ^If  we 
like  40^  for  the  point  of  greatest  density,  the  bottom:  Never 
aUaias  it  daring  the  whole  experiment,  whilst  the  middle  and 
lop  gnulually  arrive  at,  and  surpass  it  long  before  the  con* 
cfaision. 

The  sixth  experiment  will  now  be  easily  explained.    A  frig-  Dr.  HopeV 
orific  mixturer  was  put  into  the  vessel  surroukiding  the  middle  ^^^JJ"" 
or  the  tall  jar,  which  contained  water  of  59i^*    The  thermo«'a  cooliog  zone, 
flicter  iras  observed  as  under : 

« 

Bottom.  Top. 

At  commencement,  —  39. 5  —  39 •  5 

In  10  minutes,  —  39  +  —  38  + 

25  —  39+  —  36.5 

35 —  39  —  36— 

55  —  39  —  35 

1  h.-lO —  39  —  —  34  + 

35  —  39  —     —  34  — 


39  —    —     33  + 


Here  the  first  observation  is  sufficient  of  itself  to  decide  by  R««sons  ** 
which  theory  the  whole  arc  to  be  explained.     In  10  minutes  hence  thsttke 
ire  observed  a  fall  of  nearly  half  a  desfrec  at  the  bottom,  and  Kre^tcsitdexintj 
one  of  1^°  at  top.      How  will  Dr.  Hope  account  for  the 
descent  of  the  bottom  thermometer  ?     Water  of  36^  or  37** 
cannot  descend  into   water  of  39-5,  that  of  less  density  into 
greater ;  it  must  then  be  the  efl^ct  of  the  propagation  of  cold 
downwards  by  the  proper  conductwig  power  of  the  liquid. 
Granted :  but  if  this  was  the  case,  a  tlicriao meter  in  the  centre 
of  the  jar,  should  have  indicated  32^;  and  one  in  the  middle, 
between  the  centre  and  the  bottom  36",  or  thereabouts ;  for 
every  one  allows,  that  in  the  proportion  of  heat  (or  cold)  along 
•ay  solid  body,  the  effect  is  produced  gradatim.     This  conclu- 
sion* however,  would  ill  accord  with  what  was  observed  in  the 
third  cxperrment.   Let  us  now  try  this  experiment  by  tlie  other 
point,  OP  9&*. — ^The  sudden  cold  applied  to  tlie  middle  of  the 
jar  would  quickly  reduce  the  contiguous  liquid  to  36^^  and 
bekm  ;  this  gives  it  a  force  of  descent  by  which  the  tempera- 

•   "^  ture 
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tare  bdow  Is  reduced ;  bat  as  soon  as  it  g^H  to  39?*  ^^  fc>Ml 
of  descent  is  weaker,  and  the  quick  application  of  cold  siiortif 
leduccs  the  mafgkml  temperature  to  32^,  or  below,  by  wiM 
&e  whole  current  is  turned  upwards;  a  sligbt  diminutioB  d 
temperature  at  buttom  is,  notwithstanding,  still  perreired  h  • 
long  as  any  water  ii&  found  in  the  jar  of  36**,  bjf  its  constiM 
superintendency  downwards. 

Thus  I  apprehend  it  is  made  appear  thai  those  who  haw 
litherto  investigated  the  point  of  temperature  at  which  water 
is  most  dense,  from  experiments  of  a  similar  nature  to  ifaoK 
above,  have  mistaken  it ;  that  the  true  point  of  greatest  6at» 
sity  is  at  36s  and  that  the  densty  at  32^  and  at  40°,  or  atanj 
other  two  equal  intervals  above  and  below  96**,  is  nearty  the 
same,  progressively  diminishing  alike  by  the  additiaD  or  ab« 
slraction  of  lieat  from  the  said  point. 

I  am  your's,  &c. 

J.  DALTON. 

Manchester^  May  I2th^  180^. 
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miaeral. 


lb  history. 


Jnaljfus  of  a  nto  Mineral  found  in  Cornwall.      By  J.  KlD2)« 
M.  D.  Sfc.  iSfc. 

To  Mr.  NICHOLSON. 
SIR, 

I  Oxford,  May  Qih,  18Q6. 

HAVE  taken  the  liberty  of  sending  you  an  account  of  the 
analysis  of  a  new  mineral  lately  jnct  with  in  Cornwall ;  and,  if 
you  think  it  of  suHlcicnt  consequence,  shall  be  obligicd  by  your 
giving  it  a  place  in  your  Journal  whenever  it  is  convenient. 

The  mineral  in  question  was  met  with  in  one  of  the  Gwennap 
mines,  and  formed  an  incrustation  round  projecting  particles  of 
a  spongy  pyrites  intermixed  with  quarU  ;  this  pyrilcs  appeared 
to  contain  a  considerable  proportion  of  cubalt,  since  it  pro- 
duced a  deep  blue  colour  when  fused  in  a  very  smaU  quantity 
with  glass  of  borax :  the  incrustation  itself  was  SM|^po6«d-fay 
the  jnincrs  to  be  a  variety  of  wood-tin.    Its  appearance  was 

altc^thcr 
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•kogcriicr  oknr  to  those  most  acquainted  \iith  the  mioojAl  plo- 
dnctions  of  Cornwall. 

Its  colour  botli  externally  and  internally  varied  frotii  a  Kght-^s^ontfal  &Br 
adi  toa  dark  brown;  fracture  like  that  of  flint,  pseMtting'*^*^'^ 
•eclioiis  of  concentric  layers ;  texture  close  and  polished  like 
tkic  df  a  nut,  and  of  a  silky  lustre ;  bardness^bout  8  of  Kir- 
wan  ;  not  easily  broken  in  the  mass,  but  its  Mall  fragmentt 
wtry  brittle:  when  triturated  giving  out  a  strong  hepatif? 
Miour ;  sp.  gr.  Tarying  from  3.7  to  3.9. 

Soluble  in  nitric  and  muriatic  acids  with  eflbrvesccnce,  vio-  SoInUble  ibjh 
|emly  decomposing  the  former,  and  giving  out  sulphurctcd  by-  ^     ^  *  "*' 
drogpn  gis  in  abundance  with  the  latter  -,  in  both  instances 
depositing  a  considerable  proportion  of  sulphur. 

Precipitable  from  the  above  acid  solutions  by  aqua  kali  in  PrecipHaUe  by 
M  soft  glutinous  form  of  a  light  cream  colour,  but  becoming  of        ' 
#  pale  olive  green  at  300"^  Fahr. ;  sp,,gr.  of  this  precipitate  about 
4.5  :  the  same  change  of  colour  took  place  at  the  same  heat  in 
some  earthy  calamine    frojm  Derbyshire,  of  the  sp.  gr.  3» 

676^. 

Precipitable  entirely  from  the  acid  solutions  by  prussiate  of  — mdfMGi^ 
poUsh  ;  colour  of  the  precipitate  a  light  French  grey.  *    ^  '^ 

By  the  heat  of  an  argand  lamp  losing  about  fl-^  of  its  weight,  Its  habitudes 
owing  to  loss  of  water ;  iq  a  low  red-heat  losing  about  ,%t  ^^  'ts  ^^  "^•^ 
weight ;  by  a  strong  red-heat,  in  close  vessels  sublimed,  in  part, 
in  the  form  of  minute  acicular  crystals  of  the  silvery  appear- 
ance of  similar  cr}'Stals  of  flowers  of  zinc ;  in  the  strongest  heat 
of  a  moderate  forge,  sublimed  in  small  i?rismatic  crytals  of  a 
brown  colour,  and  adhering  firmly  tu  the  Mcies  of  the  crucible ; 
these  crystals  when  viewed  through  a  microscope  were  in 
colour  and  lustre  very  like  broun  scmitranspai^it  blende,  and 
«rcn;  soluble  in  the  nitric  and  muriatic  acids  with  phenomena 
•iniilar  to  those  attending  the  solution  of  blende  in  the  same 
acids. 

It  seems  worthy  of  remark,  that  a  quantity  not  exceeding  H  gives  fusibK. 
50  grains  being  reduced  to  powder  and  expoiied  to  a  modei'aie  p[a^„^* 
ibn;e>-heat  in  a  small  crucible  of  platina,  prepared  by  Dr. 
Wollaston,  enclosed  in  another  made  of  earthen  ware,  the  pla- 
tina where  in  contact  with  tho  mineral  was  completely  fused, 
and  the  remaining  part  was  covered  with  an  iridescent  pellicle, 
and  made. soft  and  brittle  throughout  its  substance. 

A  iim:- 
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CdbKfmwtWe    '    A  similar  effect  was  lately  produced  on  a  platina  qpoon^ci 
which  some  galena  was  exposed  to  the  blow-pipe. 

As  the  quantity  of  the  mineral  under  examination  detached 
at  different  times  did  tiot  in  the  whole  amount  to  above  dOt 
graini^  of  wjiich  the  greater  part  had  been  wasted  in  the  fore- 
going experiments,  an  analysis  of  so  small  a  quantity  would  not 
have  been  published,  but  that  unfortunately  another  specinnn 
could  not  be  procured  of  the  same  mineral, :  in  order  hdMr* 
ever,  to  render  as  satisfactory  as  possible  the  results  of  aa 
analysis  conducted  on  so  small  a  scale,  a  few  comparative 
experiments  were  made  on  zinc,  and  on  blende,  of  which  last 
substance  this  mineral  evidently  appeared  to  be  a  variety; 
an  account  of  these  experiments  has  beefi  added,  as^not  altqge-> 
ther  uninteresting  in  themselves,  but  principally  in  confirmaliaB 
of  the  analysis :  the  reagents  employed  in  these,  were  pre- 
pared by  Messrs.  Allen  and  Howard  ;  and  the  precipitates  woe 
washed,  separated,  and  dried,  without  the  use  of  filters,  except 
in  the  case  of  Che  precipitates  by  prussiatc  of  potash, 

Zinc,  grs.  5,  dissolved  in  nitric  acid  (1.47),  precipita- 
ted by  potash,  and  dried  at  SOO  Fahr.  weighed  •  •  •  •      6.46. 

Zinc,  grs.  20,  dissolved,  ^-c.    24.50. 

Zinc,  grs.  100,  dissolved,  &c.   •  >• 125. 

Sp.  gr,  of  these  precipitates  was  about  4.3. 
-     Accprdiq|g  to  Mr.  Proust's  analysis,  (vide  Thompson,  Hd, 
edition,  vol.  1.  p.  199>)  the  two  first  of  the  throe  preceding  pre- 
cipitates ought  to  have  weighed  respectively  ().25,  and  25  :  the 
weight  of  the  last  is  correct. 

Laminated  brown  blonde  (sp.  gr.  4.0(>78),  gFs,  ICO,  dis- 
solved in  nitric  acid,  precipitated  by  potash,  and  dried 

at  300  Fahr.  weighed » 75, 

Sp.  gr.  of  the  precipitate    4.54. 

Zinc,  grs.    5,  dissolved  in  nitric  acid,  precipitated  by 

prussiate  of  potash,  and  dried  at  300  Fahr.  weighed    l6.50. 

Zinc,  grs.  20,  dissolved.  Sec. 65. 

Zinc,  grs.  100,  dissolved,  &c. 330. 

The  weights  of  the  three  last  precipitates  would  bear  equal 

proportions  to  the  respective  weights  of  tlic  zinc  taken,  it  tht 

two  first,  instead  «»f  16.30  and  65  ^  were  l6  and  66. 

As 
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As  it  was  evident  that  the  mineral  under  examination  con-  tTie<W  •pplfc»= 

.  .  -  tioa  of  mIt^ii- 

taincd  oxide  of  zinc,  and  as  the  usual  mode  of  reducing  this  ism  io  M)alyiif . 

(particularly  in  minute  quantities)  is  extremely  difficult,  the 
process  of  reduction  was  varied  in  the  following  manner.  It  is 
generally  known^  I  believe,  that  by  means  of  the  galvanic  appa- 
ratus, the  metaU  may  be  precipitated  on  each  other  from  their 
acid  solutions  without  regard  to  the  usual  order  of  chemical 
affinity :  the  objection  to  the  application  of  this  process,  as  a 
means  of  analysis,  arises  from  the  quick  i-e-absorption  of  the 
precipitated  metal  by  the  disengaged  acid  from  which  it  had 
jtist  been  separated  :  but,  as  Mr.  Klaproth  has  lately  observ- 
ed iLat  the  mctais  may  be  precipitated  by  cuch  other  from  the 
alkaline  solution*  of  tlieir  oxides  in  the  order  of  their  chemical 
aflinity,  a  portion  of  oxide  of  zinc  was  dissolved  in  aqua  kali, 
and  by  means  of  the  galvanic  apparatus  a  precipitation  of  me- 
tullic  zinc  v,m  very  readily  obtained  on  plates  of  iron,  copper, 
and  platina;  in  this  experiment  it  was  accidentally  observed^ 
that  upon  withdrawing  the  Communication  with  the  galvanic 
^paratus,  the  recently  precipitated  zinc  wab  soon  rc-dissolved 
by  the  aqua  kuli  ,  and  not  only  by  the  portion  of  aqua  kali, 
employed  in  that  e.xpcriinent,  but  by  any  other  portion  also, 
or  even  by  a  solution  of  sub-carbonate  of  ammonia  j  however, 
by  not  interrupting  the  communication,  the  precipitate  remain- 
ed ;  and  in  this  way,  four  parts  out  of  five  of  metallic  zinc  were 
recovered  from  a  solution  of  its  oxide  in  aqua  kali.  The  re* 
absorption  of  the  zinc  by  the  aqua  kali  at  first  appeared  to  takii 
place  without  any  elfervescence  ;  but  upon  a  closer  examina- 
tion, minute  air- bubbles  were  seen  detaching  tliemselves  from 
the  surface  of  the  zinc ;  if  these  were  bubbles  of  hydrogen  gas, 
as  probably  they  were,  originating  from  the  decom))osition  of 
the  water,  an  easy  explanation  is  aflbrded  of  the  solution  of  the 
2inc. 

By  the  foregoing  experiments  were  obtained  the  means  of 
ascertaining,  both  by  calculation  and  actual  reduction,  the  pro- 
portion of  zinc  in  a  given  wei<.^lit  of  its  oxide.  In  order  to 
ascertain  the  quantity  of  sulphur  acidified  during  si)lution  in 
nitric  acid,  the  following  experiment  was  made  : 

Sulphur,  grs.  /rb,  were  boiled  in  nitric  aci<l  till  the  whole  To  tscertaia 
of  the  sulphur  had  disappeared  :  a  solution  of  nitrate  of  baryt  j^ipS^?  aeidi^ 
wa^  then  added  till  there  was  no  longer  any  precipitation ;  the  cd  by  solution 

\ou  XlV.-^Jr NE,  180C.  T  precipi- ***  ''^^'^^ *^' 
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precipitate  being  then  washed,  and  dried  at  a  low  rcd-beafy 
weighed  gis.  50,  (sp.  gr.  of  it  was  3  JS26) .     This  expcriineia 
ipust  be  considered  as  very  satisfactory  *  from  its  near  a^rec** 
inefit  with  IVI.  Chcneoix's  statement :  from  which  it  oalv  ditieis 
in  the  proportion  of  7.20  to  7-22,  (vide  Thompson,  2d  edit, 
vol.  ii.  p.  20.) 
Analytct-of  dlf-     It  remains  to  give,  an  account  of  two  or  three  analyses  of  dif- 
oftbe  nSn^wT  ^'^^^^  portions  of  the  mineral  itself;  in  which,  thougli  the  quan- 
tity of  tilex  is  noticed,  yet  as  its  pretence  is  merely  accidental^ 
it  is  excluded  from  the  whole  sum  in  calculating  the  proportiotta 
of  the  other  substances. 

I.  grff 

Quantity  taken  *- • ..-•^#..,  30. 

Detached  partrcles  of  minutely  xcallized  quartz,  sej^- 

rated  during  solution  in  nitric  acid. 0.5; 

Sulphur  separated  during  solution  •  -  •  * •  •  •  1  .ff. 

Do.  by  calculation  in  suiph.  of  baryr,  grs.  54  •  •  •" 7.8. 

Precipitate  by  iwtash,  drjwd  at  300  Fabr. •       20. 

■■■  ■     "^ 

29.9. 
Pjroportion  of  sulphur,  about ^^5- 

■  of  precipitate    ^\. 


Quantity  taken • 13  j^j 


ir.  grs. 

t 

Detached  particles  of  quartz o.4. 

Sulphur  separated  •  •  * « •      l.^ 

Do.  in  sulph.  of  baryt,  grs.  20 2".<)r. 

Precipitate  by  potash .....*.......     p. 

■  ■     '  "^ 

13.5. 
Proportion  of  sulphur  about iVtj- 

■  of  precipitate i^^Aj- 

in.  grs. 

Quantity  taken 22. 

Driven  oflf  by  a  strong  red-heat     8. 

Precipitate  by  potash  from  nitric  acid t  •        1 J.^ 

21.5. 
Proportion  of  sulphur  in  the  third  analysis  almost  i^*^. 

Proportion  0/  the  precipitate  by  potash  not  quite  y^^. 

It 


It  IS  (irobable,  that  in  tljis  instance  part  of  the  substahce 
jirecipitable  by  the  potash  was  driven  off  by  the  high  degree  of 
heat  to  which  it  was  exposed :  and  this  would  account  for  the 
difference  in  the  proportions  of  this  analysis  from  those  of  the 
preceding. 

IV.  gr^ 

Quantity  taken • ••*..........•..  J3^ 

Sulphur  separated  during  solution  in  nitric  acid  •«••••        i  .^^ 

Ditto  in  sulph.  of  bar)-t,  grs.  19 5.7, 

IVtash  prei:ipitate  at  SQO  Fahr*  • •••#•»         9, 

13.2. 
Proportion  of  sulphur  About /^. 

«f precipitate   •••• -ffy. 

In  this  last  analysis^  the  precipitate  by  potash  ms  after*' 
"Wards  thrown  into  distilled  water,  and  dissolved,  as  far  eS'eouM 
be,  by  potash ;  a  dirty-coloured  flocculent  substance,  which 
remained  undissolved,  was  caught  on  a  filter  :  this  was  readily 
dissolved  by  muriatic  acid,  and  gave  a  deep  blue  colour  on  thp 
a(1(ntion  of  pn^ssiate  of  potash;  but  tlie  prussiate  of  iron  thus 
obtained  was  too  small  in  quantity  to  afford  a  satisfoctory  exa^ 
mination. 

The  filtered  potash  solution  was  exposed  to  the  action  of  the 
galvanic  apparatus,  and  at  different  times  5tv  grains  of  a  me« 
lallic  substance  were  rccovercei  from  it,  which  resembled  ziqc 
closely  in  colour,  and  more  closely  in  its  property  of  burning 
^]th  a  Uue  flame  when  tbrowp  on  ignited  iron,  and  leaving  a 
white  oxide  on  tlic  surface  of  the  irpn. 

But  57V  grains  of  metallic  zinc  equal  7-t4c  of  oxide :  there* 
fore  9  grains  of  the  precipitate  having  been  dissolved  in  the 
potash,  there  remained  1-^'^  grains  unrecuvered  (including, 
that  is,  the  small  proportion  of  iron  which  had  been  separated 
by  filtration);  The  potash  solution  was  now  neutralized  by 
nitric  acid,  and  in  this  manner  -^fo  gniios  of  the  original  pre- 
cipitate were  recovered;  which  being  added  to  the ZtoW ^^P^" 
rated  by  the  galvanic  apparatus,  leaves  only  y^  of  the  original 
9  grains  unaccounted  for. 

U*he  grains  5^^  of  metallic  zine  obtained  in  the  above  man* 
ner,  when  dissolved)  in  part,  in  diluted  sulphuric  acid,  gtrt  a 
pel  fcetly  white  precipitate  with  prussiata  of  potaib. 

T:2  ^ 
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By  oomparing  the  foregoiiig  experiments  and-  analytet  with 
each  other,  this  miocral  appears  to*  consist  of  about 

33  sulphur, 
66  oxide  of  anc. 

99 
with  a  very  minute  proportion  of  iron. 

I  am  afraid  the  preceding  account  will  be  thought  tedioiii 

by  those  who  are  in  the  habit  of  chemical  analysis;  but  not 

having  been  much  accustomed  to  this  myself,  it  seemed  the 

safer  way  to  be  as  particular  as  possible  in  the  relation  of  the 

K  forgoing  experiments. 

I  am.  Sir, 
'  Your  most  obedient  servant, 

J.  KIDD. 


VI. 

Second  Etsay  on-  the  Analysis  of  Animal  Fly  ids.     Bjf'Jonlt 

BpsTOCK,  AT.  D.  Liverpool.*  ' 

Method  of  an-  An  my  former  essay  I  cmlpavonrcd  to  ascertain  a  definite 

alyaingcom-     character  for  the  three  priiryrv  animal   fliuds,  albumen,  iellv, 
jwuud  animal  .      ,  ,  .  /       ^  /.«•,,. 

fluids.  and  mucus,  and  to  point  out  tests  by  moans  of  which  their  prp- 

Bcncc  might  he  detected  with  facility  and  preci^on.  I.noW 
propose  to  offer  some  obsci'vations  tipon  the  method  to  be  em* 
pl6}Td  in  the  analysis  of  tliose  compound  fluids,  of  which  the 
three  substances  dbovc  mentioned  form  a  principal  pai't,  [ 
shall  arrange  my  remarks  according  to  the  order  adopted  in  my 
former  paper,  beginning  with  the  consideration  of  the  albumen. 
Sq^aration  and^  My  first  object  was  to  discover  some  method  by  which  rhc 
propagation  of  exact  proportion  of  this  substance  might  be  ascertained  in  any 
fluid  of  which  it  formed  a  component  part.  The  application  ot' 
caloric,  as  appears  from  my  former  experiments,  aflbrds  a  very 
accunitc  test  of  the  presence  even  of  the  smallest  quantity  of  al- 
bumen ;  but  I  fouml  that  it  was  not  possible,  by  this  agent,  to 

*  Tl<»cpircd  from  the  author ;  who  has  niso  in<^^tl■d  h  in  the  Mit- 
^ieai  Joornal.    The  former  L&««t  'h  in  our  Jourjial^  ^^i.  'ji  t. 

fcepl- 
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ibfMiratc  it  from  the  water,  or  other  futetance,  with  whtbh  it  it 
combined.     When  a  loUition  coBtaining  ji^  ofjts  weight  of pnfi  Mere  heat  hn 
albumen  was  kept  for  some  time  at  the  boiling  temperature,  Ae  JjJ^^p^J^ 
%vhoIc  fluid  assumed  an  opake  and  lemi-gelatinous  appearance ;  pivcipitatioB, 
but  the  water  still  remained  so  far  attached  to  the  si^d  matter, 
that  it  scarcely  passed  at  all  through  a  filter  of  bibulous  paper : 
a  part  of  it  was  not  transmitted  even  after  it  had  lun  upon  it 
for  several  days,  and  was  beginning  to  exhibit  marks  of  putre- 
faction.   When  albumen  exists  in  that  state  of  concentration  in 
ivhich  it  is  found  in  the  white  of  the  e^,  t.  e.  composing  about 
15  parts  in  the  100,  it  is  capable,  as  we  know,  of  becoming  so 
completely  concreted  as  to  resemble  a  solid  substance,  and,  if  it         '      ' 
be  divided  into  small  pieces,  it  may  be  digested  in  hot  water, 
%vitiiout  its  figure  or  consistency  being  affected. 

It  appeared  a  subject  of  some  im})ortancc,  to  ascertain  the  Oiw-fenth  of 
dcgice  of  dilution  of  which  albumen  admits  without  losing  this  *'\l'"*,!^^3ei» 
property,  as,  by  this  means,  some  general  idea  might  be  formed  it  solid  if  heat* 
of  the  proportion  of  it  in  any  compound  fluid,  merely  by  the  fi'^h^l^i^ 
application  of  caloric,  in  those  cases  where  wc  may  not  have  it 
in  our  |X)\ver  to  enter  upon  a  more  minute  examination.     I 
found  that  the  white  of  the  egg,  after  being  mixed  with  half  its 
weight  of  water,  &till  retained  the  power  of  becoming  so  far  coa^ 
gulated,  that  the  figure  ofits  parts,  when  divided  by  a  knife,  wai 
not  altered ;  but  that  when  an  equal  woigiit  of  water  was  added 
to  the  white  of  the  egs,  though  it  was  rendered  completely  opake 
by  heat,  yet  it  still  retained  some  part  of  its  fluidity,  so  that  it 
might  be  slowly  poured  from  one  vessel  to  another.  In  the  former 
case  the  albumen  composed  somewhat  less  than  i^  part  of-  the 
weight  of  the  fluid,  and  in  the  second  about  -/j-. 

I  had  next  recourse  to  the  oximuriate  of  mercury,  which  I  Oximnriatr  of 
had  before  found  to  be,  as  it  were,  the  appropriate  coagulator  "^'^♦s^^^^.^nt 
of  albumen.    I  experintcd,  however,  the  same  kind  of  difficulty  difficnlty  of 
in  this  case,  as  in  the  employment  of  caloric.     Notwithstand-   ^^^' 
ing  the  dciicacy  with  which  the  oximuriate  of  mercury  detects 
the  most  minute  portion  of  albumen,  I  found  the  coagulation  to 
be  so  complete,  that  tlic  fluid  continue<l  to  retain  a  considerable 
degree  of  opacity,  after  being  passed  through  a  filter,  and  to  be 
htitl  coagulable  by  the  applicalupi  of  heat,  jhen  when  it  indi- 
cted an  excess  of  the  oximumne.     The  entire  separation  .of 
the  albumen  Kemed,  however,  to  be  attained  by  the  union  of —but  this  salt 

.      ,    aided  by  heat 
bOi^  U  effcctaaU 
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rofitninn  oxi 
muriate : 


bftth  the^?  method*,  t .  c.  b>*  subjecting  tbe  fluid  to  the  boSiBg 
tcmpcrarurc,  after  the  addition  of  a  requisite  quantity  of  dw 
oximuriatc  of  mcfrun-.  That  wv  may  be  a.ssurcd  that  a  suffi- 
cient quantity  of  the  metallic  salt  has  been  emplo}-eds  it  isae* 
cessary  that  it  be  added  a  httle  in  excess;  a  circumitaoccwbi^ 
may  be  easily  ascertained,  by  obsen'ing  whether  the  filtered 
fluid  possess  the  power  of  precipitating  a  fresh  soIutioB  cf 
albumen. 

Thp  prrripitate  The  precipitate  produced  by  the  joint  operation  of  calorie 
and  the  oximuriatc  of  mercury  is  a  compound  of  albamen  and 
the  metallic  salt ;  so  that,  beforc  we  can  ascertain  the  quantity 
of  the  former,  it  will  be  nucQssary  to  learn  in  what  propoitioa 
tlicy  are  disposed  to  combine  witli  each  other.  But  dib  point, 
simple  as  it  may  appear,  is  not  unattended  with  difficulty ;  it 
is  not  easy  to  collect  and  di'tach  from  the  iilter  a  substance  of 
tills  peculiar  texture ;  and  much  nicety  is  requisite  in  the  subse- 
quent dry  ini^,  so  that  nil  the  moisture  maybe  completely cxpd* 
hid,  and  yet  that  the  substance  sliould  not  experience  any com- 
nu'nocmcnt  of  dccum^wsitiort.  Making  the  experiment  with  the 
requisite  precautions,  it  appeared  to  nie  that  albumcu,  when 
con^uhiteti  by  tiko  addition  of  the  oximuri:it(r  of  mcTCury, 
unitt's  itsvlf  to  hotvoen  i  and  \  ofiis  \voij»ht  of  the  ialr.  If  this 
Ofcrimntc  bv  cnnihuwd  by  nmrc  extensive  irxporiments  it  will  be 
r:i««y  to  calculate,  with  tolorahltr  accur-icy,  the  quantity  of  al- 
bumen in  any  compcuiivl  animal  fluid,  by  employing  a  solution 
of  the  oximuriatc  oi'  mrrcury  of  aknnwn  streni^th,  and  obsenii^ 
what  quantity  it  isn<»cos>ary  tosalumte  a  given. quantity  of  tbe 
body  under  examination.  If,  for  example,  we  find  that  100 
grains  of  the  fluid  require  (>0  <:rains  of  a  solution  contain- 
ing jc  of  its  weight  of  theoxiinuriate  of  miTCury,  it  will  follow, 
that  it  contains  10.5  grains  of  tilhumen. 

Theunrftapila-      Before  I  leave  the  subject  of  albun^cn,  I  shall  make  some  re- 

wP*'V*^    •    niarks  upon  the  uncoa^ulahlc  part  of  the  white  of  the  ecK.     1 
white  ftl  egg  IS  ,  '  *  *** 

iuurus.  found  it  VI' ry  ^rnerally  to  constitute  abc.>ut  J  of  the  weight  of 

the  whole  solid  contents,  as  stated  in  my  former  essay.  A  solu- 
tion of  this  substance,  in  about  100  times  its  wei(;ht  cf  water, 
was  not  ertcctrd  bv  the  addition  of  the  oximuriute  of  mercur\', 
or  the  decoction  of  Jifill?,  but  a  single  drop  of  the  aqua  hthar- 
pyri  Bcetati  threw  down  a  co|iious  precipitate.  I  gradually 
eva{K>rated  the  fluid,  aud  occavLonally  stopped  the  procerus  \\\ii^ 

ii 
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it  was  nearly  completed  ;  but  I  did  not  observe  any  tcMdeacy 
towards  gelatinization,  or  the  exhibition  of  any  crystalline  ap- 
pearance. I  concluded,  therefore^  that  it  consisted  altogether 
of  mucus. 

In  the  course  of  my  experiments  on  albumen,  particularly  Putrid  allw- 
those  made  during  the  summer  months,  I  have  observed,  that  "***"  resembles 
this  substance  b  less  disposed  to  become  putrid  in  its  natural 
sta^e  than  wlicn  diluted  with  a  greater  proportion  of  water, 
'i!}d  that  a  solution  of  the  mucilaginous  part,  formed  by  washing 
the  coaaulatcd  albumen,  was  still  more  subject  todecomposition. 
In  soroc  instances,  where  I  permitted  a  diluted  solution  of  tiio 
ulbumrn  ovi  to  become  putrid,  I  was  forcibly  impressed  witii 
the  resemblance  of  its  odour  to  that  of  pus;  whereas  the  putrid 
iiiucila;;c  di^harged  the  usual  nauseous  smell.  \ 

With  respect  to  tlie  saline  ingredients  of  the  albumen  ori,  Albamen  ovi 

they  seem  to  exij*t  in  very  minute  proportion.     I  was  never  ^w"^* 
^  .  •     .  .  scarcely  any 

able  to  detect  any  visible  indication  of  saline  matter  by  the  eva-  galine  nuiltar: 
poration  of  the  water  in  which  coagulated  albumen  had  been 
wasli'ed  ;  a  considerable  precipitate  was  indeed  produced  by  the 
addition  of  tlie  nirate  of  silver;  but  I  concluded,  from  its  ap- 
pearance, that  at  least  the  greatest  part  of  the  e&ct  depend- 
ed upon  the  coagulation  of  the  animal  matter,  though  some 
part  of  it  might  be  due  to  the  presence  of  the  muriate  of  soda.  ..«erhap«  iira<« 
ITie  ulLumcn  ovi  exhibits  slight  alkaline  effects  upon  the  appro-  ""w^o^ «^*a 
|)riate  test  papers ;  and,  by  means  of  the  oxalic  acid,  a  very  mi- 
nute trace  of  lime  may  be  detected,  which  probably  exists  in a  trace  of 

combination  with  the  phosphoric  acid.    In  order  to  ascertain  the  I'^'^i 
quantity  of  alkali,  I  former!  a  very  diluted  alkalijic  solution  of 
a  known  strength^  and  observed  ho\v  much  acetous  acid  was  ne- 
cessary to  neutralize  a  given  weight  of  it.     \Yith  the  samf 
acetous  acid  I  neutralized  a  portion  of  the  white  of  the  egg,  an4^ 
making  the  necessary  calculations,  I  estimated  that  100  grains 
of  the  albumen  ovi  contain  no  more  than-^^  of  a  grain  of  alkali. 
Iliis  alkali  has  generally  been  supposed  to  be  soda,  and  as  this  ^aMa  thoa- 
suit  is  more  frequently  present  in  the  different  parts  of  the  animal  f^*****  ^^^ 
body  than  potash,  we  may  conclude,  with  some  plausibility,  that 
it  is  soda  which  exist  in  the  albumen  ovi.  It  has  been  supposed 
to  exist  in  the  pure  or  caustic  state ;  but  I  am  not  aware  of  any 
method  bv  which  this  circumstance  can  be  ascertained.     I  add* 
ed  the  carbonate  of  soda  to  a  solution  of  albumen  ovi,  iit  coa* 

siderably 
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9idenibly  greater  quantity  than  that  indicated  above,  yet  thti 
addition  of  the  sulphuric  acid  produced  no  visible  effervescence. 
I  think  it  must  therefore  remain  undetermined,  whether  the  al- 
kali exist  in  the  |)uro  or  cai-boaatcd  state. 
Conceminjfr  The  method  of  ascertaininjs;  the  exact  quantity  of  jelly  io  any 

s^^MtiMroted'  compound  fluid  is,  upon  the  whole,-  more  easy.     Isinglaas  a^ 
aod  its  quanti-  fofdsus  the  means  of  obtaining  jolly  in  a  state  of  almost  perfect 
by  taiinin."**^     purity ;  by  forming  a  solution  of  this  substance,  and  an  infusi- 
on of  galls  of  a  known  strength,  by  addhig  them  to  each  other 
'^        until  they  arc  nenrraiized,  and  collecting  the  precipitate,  wc 
Can  ascertain  the  respective  proportions  necessary  to  produce 
the  neutral  compound.     As  the  precipitate  formed  in  this  case 
subsides  slowly,  it  is  more  convenient,  aft^r  the  mixture  of  the 
jelly  and  the  galls,  to  filter  the  compound,  and  to  add  a  little 
of  the  filtered  fluid  to  fresh  solutions  of  jelly  and  galls  rc^c- 
tivcly ;  from  obser>'ing  in  which  of  the  solutions  a  precipitate  is 

produced,  we  arc  enabled  to  determine  which  ingivdieut  exists 

in  excess,  and  to  correct  the  deficiency  in  a  subsequent  cxpcrl- 
tnenf ;  this  process  must  be  repeated  until  the  filtered  fluid  pro- 
duces no  precipitate  with  cither  of  the  reagents.     By  proceed- 
ing in  this  manner  I  am  led  to  conclude,  that  the  compound 
formed  bv  the  union  of  iellv  and  tannin  consists  of  somewhat 
less  than  two  parts  of  tannin  to  llircc  of  jelly;  as  we  always 
have  it  in  our  power  tQ  ascertain  the  quantity  of  (an  that  we  era- 
ploy,  we  may,   by  an  easy  calculation,  deduce  the  amount  uf-' j 
the  jelly  in  any  fluid  under  exuninuition. 
The  proportion      I  have  not  >et  l>ecn  able  to  fall  up»n  a  mttthod  for  directly 
coniy  deter-     dctermming  the  proportion  ot   mucus  in  a  com))ouna  fluid,  in 
Biued^  consequence  cf  the  facility  with  which  guulard  decom]x>ses  the 

different  incrredients,  both  anin]:il  and  saline,  which  are  alwavs 
to  be  suspected  in  those  substum  cs  that  contain  mucHis,  e\-en  in 
a  state  the  nearest  approacliir.g  to  pimty.  Muriate  of  soda  is,  j 
I  believe,  aUv:i>s  presfiit  \>horovor  \\c  have  mucus  ;  and  the 
goulard,  which  S'>  rcaflily  ana  conipU-tcly  precipitates  the 
mucus,  likewise.'  JecuiTj'Oy**-  tlit  *'iMnim>ii  salt.  The  nitro-mu- 
riato  aniltht'  rnyriatn  cf  tin.  an<l  rr.c  nitio-nuiiiate  of  goKl,  all 
cause  a  considciahlc  prrcipKuti'u  m  a  solution  of  salvia;  bol 
the  superuatant  tluiii  r  mains  ojniki',  u.>  if  it  still  contained  soinr 
animiil  niatter ;  and.  in  const*queiice  of  tlie  muriatic  aciJ 
wbivii  ciitert  into  riie  composition  of  those  salts,  we  are  not  able 

after- 
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aAcrwaids  to  search  for  the  muriate  of  soda,  by  applying  the 

m 

lest  of  the  nitrate  of  silver.  The  nitrate  of  silver  itself,  al* 
tkoogh  it  scarcely  porduces  any  effect  upon  a  solution  of  vpge' 
table  gam,  whiMi  ic  is  added  to  saliva,  throws  down  a  very  co^ 

Cm  precipitate,  partly  of  a  dcn;ie  powder,  and  partly  of  a 
xulent  matter :  Tliis,  I  apprehend,  proceeds  from  itb  acting 
both  upon  the  mucus  and  the  muriate  of  soda.  Tlie  nitro-mu« 
riales  of  tin  and  of  gold  do  not  deconi{x>be  common  salt,  but 
diey  precipitate  albumen  as  well  as  mucu:;,  and  on  this  account 
cannot  be  employed.  TLc  only  way  of  proceeding  that  I  have  Indiredt  die- 
been  hitherto  able  to  employ  is  to  discover  the  ciuantity  of  al«  ^  ' 
bumen  and  of  jelly  by  the  methods  nieiitioncd  above,  and  after 
de<lucting  their  weight  from  the  whole  of  the  »olid  contents,-  to 
consider  the  remainder  as  mucus ;  but  here  we  are  necessarily 
confounding  the  mucus  and  the  salts.  After  this  statement,  I 
need  not  add  th«it  the  subject  still  requires  farther  elucidation. 

I  have  attompted,  in  a  ft^w  cuscs,  to  apply  my  ideas  respect-  ExMninatioh 
in^  ihi:  anafvsis  of  animal  tiviids  to  the  actual  examination  of  °^,"°°tV^*I*r^ 
fomu  sub'Ci.'.nccs,  and  shall  now  proceed  to  detail  my  cxperi-  these  methods. 
luentd.     i  must  premise  t!)at,  in  the  two  first  analyses,  the 
sinail  quantity  upon  which  I  was  obliged  to  operate  prevented 
nc  from  determining  the  proportion  of  the  ingredients  as  accu- 
rately as  I  coidd  have  wished.     I  have  nevertheless  inserted 
them,  as  these  fluids  arc  not  at  all  timiMs  to  be  procured t 

The  first  set  of  experiments  which  I  performed  were  upon  Di«charff«* from 
the  fluid  dischar£;cd,  by  puncturin«;  a  tumour  formed  on  the  *  **""®*"'" 
spine  in  the  disease  which  is  usually  called  spina  bifida, 

1.  The  fluid  was  colourless,  slightly  opake,  and  gelatinous^ 
of  a  specific  gravity,  scarcely  ditfuring  from  that  of  water,  and 
insipid. 

2.  It  did  not  nflect  either  litmus  or  an  infusion  of  mallows. 

3.  A  hundred  irruins  of  tho  fluid  wcix!  slowly  evaporated  -,  a 
residuum  was  left  o(*2.2  grains  only. 

4.  When  kept  for  some  time  at  the  temperature  of  boiling 
irater,  its  i^pucity  was  blii;;htly  increased,  but  it  did  not  exhibit 
any  tendency  to  coa^^uUition. 

5.  A  valiiraled  fcolutioii  <n  the  oximuriate  of  mercury,  when 
first  added,  produced  but  little  effect  ;  alter  some  time,  how- 
ever, an  inconsiderable  precipitate  was  thrown  down. 
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Bi«min«tkm       f  .-  Infosion  «f  gills  prodaced  «  pntSffi^aA  te  tiniO'  ^Mf 

ofthe1k|<'kl      ||^  •* 

from  a  tiiimmr*     ^' 

T>  Aqaa  Iklmrgyri  acetati  produced  a  copbas  oeoie  pices' 

pitate. 

8  By  the  additicm  of  the  nilro-muriafe  of  Hn,  Ae  ttaU  «i» 
rendered  comuderably  more  opake,  and,  as  if  wppttmAbfW 
eoagulatibn  after  lome  time  a  precipitate  was  ^tuaatd: 

9.  The  reuduum  from  Vo.  3.  was  partly  diMlfed  bj  hdng 
digested  in  bot  water. 

10.  The  wafer  from  No.  9«  proddced  a  eofnois  pied^te 
witli  nitrate  of  silver. 

11.  It  siso*  produced  a  perceptible  preci|»tatie'  aMi  oniSe 
acid. 

12.  It  also  produced  a  slight  precipitate  witk  Ait  nfivion  of 
galb. 

13.  A  quantity  of  this  fluid,  being  evaporated  very  ibwiy, 
loft  cubical  crystals  of  common  salt  in-  conhderable  qnaiiity. 

From  No.  3.  we  Icam  that  97.8  parts  in  fOd"  cerantef 
water.  From  4.  and  5,  we  learn  that  it  confained  a  litlle  aHm' 
men.  The  quantity  was  too  small  to  be  collected- and  mesi>r« 
ed  by  weighing ;  but,  from  the  visible  effect  produced  by  hrti 
and  the  oxi muriate  of  mercury,  f  should  conceive  it  could 
not  be  more  than  ^-^o  of  ifs  weight.  From  No.  6,  and  12.  md 
by  comparing  6.  with  5.  we  learn  that  it  contains  a  miimH 
qoamity  of  jelly.  From  7.  and  8.  especially  by  companng 
tliem  together,  we  learn  that  it  contains  mucus.  By  com^ 
paring  f .  and  8.  and  from  10.  and  13.  we  learn  that  it 
aontuns  the  muriate  of  soda  in  considerable  quantity;  ind 
^m  1 1,  that  it  contains  a  very  small  trace  of  lime.  The  coib<a 
position  of  the  fTuid  will  therefore  be  nearly  as  follows  : 

Water  97    8 

Muriate  of  soda        1     Q 


Albumen 

0     5 

Mucus 

0.5)  These  proportions  areinsomf 
0     2  >          measure  conjectural. 

Jelly 

^p 

a  very  mioute  quantity. 

100     0 
*:  X  tr?(7i«»MNi        tile  next  fluid  that  I  had  an  opportunity  of  examining  was  ths 
*^'     '^*<"'  perkardiif  wfaicb  was  obtained  by  openinj  the  bodyof 

a  boy 
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mrhof  whff.kad  dMd-fudd«iily,iD  order  to  ftac8iUiii4lM'  muaeof  Fj 

iiis  defttli.    The  whole  ^fmntitjr  ooileoled  was-  about  half  aa  ^"^IJ^i^ 

ounce ;  it.!n«ls^ncari$^ofah•  ooloura^^ppuflrame of ttoe wnikii 

of.thc-bloocL 

1.  A  ^oainitj'ofi  it  wmrdoivrif  ttaporated,  and  »resi<kHiiii 

«ra»  left^  amoanting-iD'tV  o^the  vtiole^ 

2.  A-ipuuiti^-  of  the  ftiid-.  wtt.  kept.for  some  time'  at  the 
lieat oCbmlingireCer ;. it  becaiQe-coDiadBiahly opahe  and gplai- 
tinoua. 

5k  A  copious  precipitltto  iras  produced  by  the  (Ainmriate  of 
mercury. 

4.  After^e  flaij  was  saturated' with  the  exiieuriate  of  riier- 
<ury,  it  produced  no  precipitate  with  the  infusion  of  galls. 

5i  The  nitrate  of  silver  produced  a  precipitate  which  indi- 
cated both  animal  matter  and  the  muriate  of  soda. 

6.  A  quantity  of  the  coagi^ated  fluid,  No.  2,  being  dried  in 
the  temperatuie  of  boiling  water,  was  afterwards  washed  with 
boiling  disjtilWI  water. 

7*  Tbe  water  Amb  Vo.  &  gfive  mo  precipitate  with  the  osi- 
muriate  of  mcrcmy,  nor  with  galls,  but  a  pretty  copious  one 
with  the  aqua  lithargyii  acctati. 

The  smell  quantity  of  the  fluid  which  I  was  abb  to  obtain 
prevented  me  from  pFosecuting  the  analysis  with  more  mioute* 
giess;  from  these  experiments,  however,  we  may  form  some 
idea  of  its  composition.  From  the  1 .  we  Icam  that  it  contains 
S2  of  water ;  from  No.  2.  and  3.  that  it  contains  a  considerable 
quantity  of  albumen,  which  I  should  estimate  at  somewhat  more 
than  ^  of  its  weight.  No:  4.  and  Z.^how  that  it  contained  no 
jelly.  No..  7.  that  it  contained  mucus ;  and  Nb«  5.  that  ir 
^contained  common  salt,  but  the  proportion  of  this  latter  appear- 
ed not  very  considerable.  The  constituents  of  the  liquor  peri- 
«:ardii  will  therefore  be: 

Water  92  a 

Albomeq  5.  5 

Mucus  S-  0)     The  proportion  of  these  snbfi 

Alunate  oCsoda.  O  5)  stances  is  somewliat  conjectural. 


100    0 
The  next  analyua  that  1  attempted  wis  that  of  the  saliva;  Extmioatlon  of 
this  fluid,  in  its  natural  state,  is  mixed  with  such  variable  ^  n^i^'^ 

U2  pro- 


fematnatkn  of  proportions  of  water,  tbat  U  is  almost  smpoariUdtoliiaB* 
tiie  Minrt}  standard  which  can  be  c«i«deffed  even  at  the  avenge  qaam- 
txty.  It  is,  however*  convenient,  in  observing  tfaeetfecurf 
reagents  upon  it,  to  have  it  in  a  more  diluted  state  than  at 
usually  occurs ;  and  I  accordingly  united  it,  1^  rubbing  io  a 
inortaowith  a  quantity  of  distilled  water*  untile  by  evapoor 
tion,  200  grains  of  the  miktcue  were  found  to  ootttaio  two 
grains  of  solid  residuum.  Upon  this  mixture  tiie  £iIloirifig 
experiments  were  performed. 

.    1.  -I  he  fluid  was  still  opake,  and  thef«  was  aq  aipsBmice 
as  if  some  flocculeot  matter  were  suspended  in  it. 

2.  No  effect  seemed  to  be  produced  by  exposing  it  to  the 
boiling  temperature. 

3.  When  the  oximurlate  of  mercury  was  added,  no  imme- 
diate visible  e&'ect  was  produced,  but  after  some  honrs^aKgh( 
flocculent  coagulum  separated  and  fell  to  the  bottom,  having 
the  fluid  n^rly  trau^rciit. 

4.  A  portion  of  the  Huid,  left  for  a  few  days  without  ad£- 
tion,  gradually  suffered  a  quantity  of  matter  to  separate  Adq 
it,  as  in  No.  3. »  but  the  separation  was  lcs$  complete,  and  it 
was  much  loiif;e.r  in  taking  pbcc. 

5.  A  quantity  of  the  duid  being  pas<%d  through  a  filter  d 
.bibulous  paper,  was  rendered  perfectly  transparent. 

6.  I'he  oximarnte  of  mercury  b^ing  added  to  a  cjuantitjof 
No.  5.  a  very  blight  prLcipiiatt:  only  v  as  produced  after  some 
time. 

7.  The  addition  of  the  infusion  of  g:t11s  to  No.  I  .caused  a 
precipitation  of  white  iiakcs  -,  but,  after  filtration,  the  galls 
produced  no  effect. 

8.  The  filtered  fluid,  No.  .:>.  produced  a  copious  preci|ntatB 
with  the  aqua  lithargyri  acetati. 

9'  It  also  produced  a  considerable  prccipiLate  with  the  ni- 
tro-muriate  of  tin. 

10.  And  with  the  nitrate  of  silver. 

31.  Equdl  weights  of  the  fluid,  before  aud  aAcr  flltration, 
were  separately  evaporated ,  and  the  amount  of  the  residuuro 
being  ascertnined,  the  quantities  left  were  to  eaeh  other  nearly 
as  12  to  8. 

12.  The.  diluted  saliva,  both  before  and  after   filtration, 

^lightly  reddened  a  paper  stained  with  litmus. 

From 
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-  From  these  experiments  we  may  draw  the  following  con-  Kxaoiiiiitioaof 
cUifiions  :  FlK>m  No.  3.  it  would  seem  that  the  fluid  conuins  ^^^  Mliv»^ 
albumen ;  but  it  appears  from  Nos.  1  •  2. 4. 5.  and  6.  that  the 
albumen  is  not  soluble  in  water^  but  in  that  state  in  which  it  is 
found  after  coagulation.  From  this  we  learn  that  it  consti- 
tutes only  0.8  of  a  grain  in  100  grains  of  the  fluid.  From 
No.  7*  we  learn  that  there  is  no  jelly ;  from  8.9.  and  10.  that 
th^re  is  a  quantity  of  mucus  and  muriate  of  soda;  and,  from 
icoixiparing  these  with  each  other,  we  are  led  to  conclude,  that 
the  last  substance  exists  only  in  small  quahtity.  The  compo* 
sition  of  tlie  diluted  saliva  will  therefore  be  nearly  as  fol- 
lows : 

Water  fls    0 

Coagulated  albumen       0    8 
Mucus  1     1 )  The  proportion  of  these 


1     1  ?  The 
0     1^     is 


^aks  0     1  C     is  partly  conjectural. 


10(»     0 

It  will,  I  conceive,  be  admi tted ,  that  the  albumen  in  this  sa « 
^va  existed  in  cmigulatcri  state.  Tiiis  I  consider  to  be  decid- 
edly proved  I'rom  the  ctIVc:>or  hc3t,  by  its  gradual,  spontatie* 
oos  dcpositior.,  arid  by  the  ease  with  which  it  was  separated 
|iy  filtration.  Siill,  I'ov.cvct,  the  oximuriate  of  mercury  and 
t|ie  galj5  sl-.owcd  ih:i.t  it  was  albumen.  The  difiiculty  of 
uniting  saliv.i  with  wnicr,  and  the  cttVcts  of  filtration,  u ere 
noticed  by  Dr.  Fi'rilvcr ;  '  but  he  iiuagined  that  the  whole  of 
the  animal  nialicr  was  remcivccl  by  the  process.  The  saliva 
that  I  cmpI.vwJ  mnni tested  slightly  acid  properties:  How 
far  thii^  nw'  he  the  ca^e  in  general,  I  am  unable  to  decide. 
Haller  thinks  ihv.t,  i:i  a  state  of  perfect  hedlth,  the  saliva  is 
not  aciii  ;  but,  m  ;hc  same  time,  he  quotes  a  number  of  au< 
thors  who  aro  ot  a  contrary  opinion,  t  2V^«  Hapeli  de  la 
Chenaie  informs  us,  that  ihe  saliva  of  the  horse  is  alkaline.  J 

The  quantity  of  water  conuined  in  the  saliva,  a^  discharg- 
ed from  the  mouth,  is  very  various.  Haller  estimates  it  at 
about  *  of  the  whole  J  bat  Dr.  Ford yce  supposes  that  tV  ^^^7 
consists  of  solid  matter.     If  we  take  the  estimate  of  Haller, 

*  Oe  Catarrho,  p.  17. 

t  Kl.  Fhys.  hb.  xviii.  sect.  2.  §  10. 

t  -iliMii.  of  Alcd.  .^uc.  fur  1780-1,  p.  375 

which 


«M^nh'*^vUckkawciiooe^  br  Souoogr  •  mtTbaama^,  the  eoo« 
4toflDts  fif  laUva  will  cxirt  io  the  fiaUowing  pnfttct^ 

WjUst  80  0 

Coagulated  albumen  8  O 

Mticoi  II  0 

Saliafr  sabstsncea  1  0 

100    0 

Tb»  qaaiimr^  ^  >bUii0  ingrcdienta-  in  ngraoaliriati 
€oelMedl7  coi:kject»fil }.  Ibejr  hare  beaa  atalai  bf  Halkt  la 
te  -n^  ef  the  whole.  I  have  not  been.  Me  to  sadsfy  mjndf 
respecting  the  nature  and  proportion  of  the  salts  which  oamr 
pose  this  residuum :  it  has-been  said  to  consist  of  |he  mariats 
of  soda^  and  the  phosphates  of  lime  and  of  soda.* 

■  ■ 

I 

^1  I       ■  .  zaapaessg         »i     ■  ■  ■ 

vn. 

the  Report  qf  a  Commttu  of  the  Hortkultwrai  5acth^  of 
XjWdant  drawn  up  at  their  request  hyT,  A.  KNioilT^JElf.^ 
ond  ordered  to  be  immediate^  publUkcd  by  the  CovnciH 

Th«  pnmevtl     \)f  ERE  it  possible  to  ascertain  the  primeval  state  of  those 

state  of  those  ^  , ,         .  .*.  ,  '^  .  .    , 

Teg«tablcs        vegetables  which  now  occupy  the  attention   of  the  gardener 

which  aifc  cat*  jmj  agriculturist-,  and  immediately,  or  remotely  conduce  to 
deneiilitik  the  support  and  happiness  of  mankind;  and  could  wc  trace 
oat  the  various  changes  which  art  or  accident  has,  in  succes- 
sive generations,  produced  in  each,  Ibw  inquiries  would,  be. 
more  extensively  interesting.  But  we  possess  no  sources  from 
which  sufficient  information  to  direct  us  in  our  inquiries  can. 
be  derived ;  and  arc  still  ignorant  of  the  native  country,  and. 
existence  in  a  wild  state,  of  some  of  the  most  important  of  our 
plants.  We,  however,  know  tli^t  improved  flowers  and  fruits 

ft 

*  Systeme,  iz«  36fi.       f  Chemistry,  iv.  613. 

t  It  is  printed  in  eight  quarto  pages.  I  shaH  shortly  have  the 
pleasure  of  giving  somt  account  of  tins  very  respactahle  and  use- 
ful society.    N. 

ace 
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are  ^  ilecesurj  prodnee  «f  improved  culture ;  thd  Alt  the 
offspring,  in  a  grester  or'Kss  degree,  mheriti  the  dittacler  tX 
its  parent.    Hic  austere  crab  of  our  woods  has  thus  beeh 
converted  into  the  golden  |^ppin ;  and  the  nomextnis  Taneties 
of  the  plumb,  can  boast  no  other  parent  Chan  our  native  sloe. 
Yet  few  experiments  have  been  made,  the  objtKTt  of  whick  has  stfll  gi«ater 
been  new  productions  of  this  sort ;  and  afmost  every  amclior*  »n"pw««»»t» 
ated  variety  of  fruit  appears  to  have  been  the  ofispHng  ef  ted  from  4i- 
accident,  or  of  culture  applied  to^other  purposes.     We  may '•^  *"^*"*^* 
therefore  infer,  with  little  danger  of  error,  that  an  ampl»  waA 
imexplorcd  field  for  future  discovery  and  improvement  liet 
before  us,  in  which  nature  does  not  appear  to  have  ^rmed  ai^ 
iimits  to  the  success  of  our  labours,  if  properly  applied. 

The  physiology  of  vegetation  hat  deservedly  engaged  the  otjeetterftr). 
i'ltteniion  of  the  Royal  and  Luuitan  Societies;  and  much  in-  JS5!«L*»r- 
formation  has  been  derived  from  the  exertions  of  those  learned  ticaltDre  hm 
bodies.     Societies  for  the  improvement  of  domestic  animals,  mct^witli'nrii 
and  of  agriculture  in  all  its  branches,  have  also  been  establish-  lie  patronmge 
eJ,  with  success,  in  almost  every  district  of  the  British  empire^  ^^  ntench. 
Horticulture  alone  appears  to  have  been  neglected,  and  iefl  to 
the  common  gardener,  who  generally  pursues  the  dull  routine 
of  his  prodeccbsor ;  and,  if  he  deviates  from  it,  rarely  possesses 
a  safTicicnt  share  of  science  and  information  to  enable  him  to 
floviate  with  jtuccess. 

The  establishment  of  a  national  Society  for  the  improvement  Horticultural 
of  librticulturc  has  therefore  long  been  wanted ;  .and  if  such  ^'^^^^* 
an  institution  meet  with  a  degree  of  support  proportionate  to 
the  importance  of  its  object ;  if  it  proceed  with  cautious  cir- 
cumspection to  publish  well  ascertained  facts  only,  to  detect 
the  errors  of  ignorance,  and  to  expose  the  niisrepresentationB 
of  fraud ;  the  advantages  which  the  public  may  ultimately 
licrive  from  the  establishment,  will  probably  exceed  the  most 
sanguine  hopes  of  its  founders. 

Horticulture,  in  its  present  state,  may  with  propriety  be  di*  Horticulture  ^ 
vidcd  into  two  distinct  branches,  the  useful,  and  the  omamen-  ^^cV!ul.°' 
tal :  the  first  must  occupy  the  principal  attention  of  the  mem- 
bers of  tlie  society,  but  the  second  will  net  be  neglected ;  and 
it  will  be  their  object^  wherever  it  b  pmcticablc,  to  combine 
both. 

Esqmrir 


The  wild  plmiif  ^  Experience  and  observation-  appear  to  have  sufficiently 
^^J^"^®' proved,  that  all  plants  have  a  natural  tendency  to  adapt  their 
than  the  culti*  habits  to  every  climate  in  M'hich  art  or  accident  places  them : 
vated.  ^^^  ^^^  ^|j^  p^^^  ^j.^^  Avhicli  appears  to  be  a  native  of  the 

southern  parts  of  Europe,  qr  the  adjoining  parts  of  Asia,  has 
completely  naturalized  itself  in  Uritaiu,  and  bus  acquired ,  in  a 
great  number  of  instances,   the  power  to  ripen  its  fruit  in  ths 
early  part  even  of  nn  unfavourable  summer:  the  crab  tree  ha% 
in  the  same  manner^  adapted  its  habits  to  the  frozen  regions 
of  Siberia.   But  when  we  import  either  of  these  fruits,  in  their 
cultivated  state^   from  happier  climates,  they  are  often  found 
incapable  of  acquiring  a  perfect  state  of  maturity  even  when 
trained  .to  a  south  wall* 
Whence  the  '       As  the  pear  and  crab  tree,  in  the  preceding  caseSf  have  ac- 
sMv  DrobeUy   ^^^  powers  of  ripening  their  fniits  in  climates  much  colder 
flopriib  here      than  those  in  which  they  were  placed  by  nature,  we  have  some 
]^|J|*]JJj2^     groumis  of  hope  the  vine  and  p.-ach  tree  may  be  made  to 
adapt  their  habits  to  our  climate,   and  to  ripen  their  fruits 
'  without  the  aid  of  artificial  heatf   or  the  reflection  of  a  wall: 

and  though  Wc  are  at  prcsc'ut  little  acquainted  with  the  mode 
of  culture  best  calculated  to  produce  the  necessary  chaises  in 
the  constitution  and  habit  of  plants,  attentive  Observation  and 
experience  will  soon  discover  it ;  and  experiments  have 
already  been  made,  which  prove  the  facility  of  raising  as  iioe 
varieties  of  fruit  in  this  country,  as  any  which  have  been  im- 
ported from  others. 
Propagation  by  Almost  every  plant,  the  existence  of  which  is  not  confined 
s«t-d  and  by  j^  ^^  single  summer,  admits  of  two  modes  of  propagation ;  by 
Dinsion  of  its  Parts,  and  by  Seed.  By  the  lirsr  of  these 
methods  wc  are  enabled  to  multiply  an  individual  into  many; 
each  of  which,  in  its  leaves,  its  flowers,  and  fruit,  permanently 
retains,  in  every  respect,  the  character  of  the  parent  stock. 
No  i:ew  life  is  heie  «5e:iciiite(i ;  and  the  graft,  the  layer,  and 
rutting,  apj)ear  to  possess  the  youth  and  vigour,  or  the  Zfifi 
and  debility  of  the  plant,  of  uhich  they  once  fonuod  a  part*. 

*  The  dificased  state  of  young  grafted  tree*  of  the  goldn 
pippii,  and  the  dGbasoment  of  the  flavour  of  that  fiuir,  aiTord  onf, 
amongst  a  thousand  inntunccs  which  maV  kr  adduced,  uf  the 
decay  of  thoso  varunlcs  of  fruit  which  hare  been  long  Tirojrajra* 
led  by  grafting,  £rc. 
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Jt'o  pennanent  improvemetit  has  therefore  ever  been  derivedj  CmflinK  does 
or  can  be  expected,  from  the  art  of  the  grafter,  or  the  JJ'*  ["'/J^ty!* 
choiee  of  stocks  of  different  species^  or  varieties ;  for  to  nse  JWedlinir  pUnt< 
tbe  phrase  of  Lord  Bacon,  the  graft  in  all  cases  avcrrvletk  ^Z^^!^''^^^^ 
tie  stuck^  from  which  it  receives  idinicnt,  but  no  motion. 
Seedling  plants,  on  the  contrary,  of  every  cultivated  i^prcies, 
^ort  in  endless  variety.     By  selection  from  these  therefore 
we  can  only  hope  for  success  in  our  pursuit  of  i  ew  and  ioi- 
prored  varieties  of  each  species  of  pl-*nt  or  fruity  and  to 
promote  experiments  of  this  kind  the  Horticultural  Society 
propose  to  give  some  honorary  premiums  to  those  who  shall 
produce  before  them,  or  such  persons  sl>  they  shall  appoint, 
▼Alaable  new  varieties  of  fruit,  which  having  been  laiscd 
from  leedsy  have  come  into  existence  since  the  establishment 
of  the  institution. 

In  the  culture  of  many  fruits,  without  reference  to  the  in-  lmprovrx»<*nta 
trodnction  of  new  varieties,  the  Society  hope  to  be  able  *o  bt^aving,'&c. 
point  out  some  important  improvements.  Several  sorts  the 
walnut  aud  mulberry  for  instance,  are  not  produced  till  the 
trees  have  acquired  a  very  considerable  age,  and  therefore, 
though  the  latter  fruit  is  highly  valued,  it  is  at  present  very 
litde  cultivated.  But  experiments  have  lately  been  made, 
which  prove  that  both  walnut  and  mulberry  trees  may  be 
tcadilymade  tu  produce  iruit  at  three  years  old  >  and  there 
appears  every  reason  to  believe  that  the  same  mode  of  cul- 
iare  would  be  equally  snccensfu I  in  all  similar  cases. 

In  training  wall  trees  there  is  much  in  the  modern  prac-  Training  wall 
tice  which  appears  defective  and  irrational :    no  attention 
whatever  is  paid  to  the  form  which  the   species  or  variety 
natura.ly  assumes  -,  and  be  its  growth  upright,  or  pendent, 
it  b  constrained  to  take  precisely  the  same  form  on  the 

wall. 

The  construction  of  forcing  houses  appears  also  to  be  ge-  Comtmctionc 
ffierally  very  defective,  aud  two  arc  rarely  constructed  alike  "''^'"  ■  ^•"*-'* 
though  intended  for  the  same  puqioses;  probably  not  a 
single  building  of  this  kind  has  }et  been  erected,  in  which 
the  greatest  possible  quantity  of  space  has  been  obtained,  and 
of  light  and  heat  admitted,  proportionate  to  the  capital  ex- 
pended. It  may  even  be  questioned,  whether  a  single  hot 
bed  has  ever  been  made  in  the  must  ad  vantage  jus  form ; 
Vol,  X1V\— .II  V  k,  \^o6.  X  and 
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tii4  thti  proper  tppTication  of  gfass,  wheie  ardfidd  &£at  ^ 
not  emplovfd,  is  certainly  ydhjr  ill  understood. 
AjtM^ft^mti      Kvery  g«rdenrr  is  well  acqiiaintecf  with  methodt  of  ap* 
^f^fg^  .  pjTfncr  manYi%  witn  stic6eftD,  to  Annual  p'ants;   for  tbea^ 

as  Evelyn  bat  justly  observed,  hartHg  hut  Utile  time  to  fulfil 
the  intenttms  of  tifltyre,  reality  aCciept  ni^triment  in  almoif 
any  form  in  vbich  ft  ran  be  offered  tbetri :  but  trees,  being 
formed  for  periods  of  longer  'liulitioil,  are  frequently  much 
tnjnrrd  by  the  injudicious  and  excesstvcf  use  of  fnanhrcf.  Tb^ 
gardener  is  often  ignorant  of  this  ciraimstance  5  iknd  tot 
nnftequf  ntly  forms  a  compost  for  his  wall  trees,  w&icb  for  a 
few    years    stimulating    them    to    prcteniatural    cxettion, 
becomes  the  source  of  disease,  and  early  decay. 
Brit  varieties        It  ig  also  generally  supposed  that  the  same  ingredients, 
and  in  the  same  proportion  to  each  other,  which  are  best 
calculated  to  bring  one  variety  of  any  species  of  fruit  to  per- 
fection, art  equally  well  adapted  to  every  other  variety  of 
that  species:    But  experience  does  not  justify  this  condu- 
sfon ;  and  the  peach  in  many  softs  acquires  a  high  degree  of 
perfection,  where  its  variety,  the  nectarine,  is  tomparatively 
€^  little  value  ;  and  the  nectarine  frequently  possesses  hs  full 
'flavour  in  a  soil  which  does  not  well  suit  the  peach.    The 
ftame  remark  is  also  applicable  to  the  pear  and  apple  j  anc! 
as  defects  of  opposite  kinds  occur  in  the  varieties  of  every 
g{iecies  of  fruit,  those  qualities  in  the  soil  which  are  beneti* 
cial  in  some  cases,  will  be  found  injurious  in  others.    Id 
those  districts  where  the  apple  and  pear  are  cuhivated  for 
cider  and  perry,  much  of  the  success  of  the  planter  is  found 
to  depend  on  his  skill,  or  good  fortune,  in  adapting  his  fruits 
to  the  soil. 
Aji4  BUBtrout      The  preceding  remarks  are  applicable  to  a  part  only  of  the 
UBworement    objects,  which  the  Horticultural  Society  have  in  view  j  bift 
oftirtbcoi-       they  apply  to  that  part  in  which  the  practice  of  the  modem 
gardener  is  conceived  to  be  most  defective,  and  embrace  no 
inconsiderable  field  of  improvement! 

In  the  execution  of  their  plan,  the  committee  feel  that  the 
society  Imve  many  difficulties  to  encounter,  and,  they  fear, 
some  prejudices  to  contend  with ;  but  they  have  long  been 
convinced,  as  individuals,  and  their  aggregate  observations 
have  ttnded  only  to  increase  tLeir  conviction,  that  thefe 
scarce,  exists  a  single  species  of  esculent  plant  or  fruit,  which 

(relative 
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jfttladve  to  the  nte  of  man)  has  ;^'jet  attained  its  utn^ost  slate 
|f  perfection  j  nor  any  branch  of  practical  horticulture  which 
If  aot  still  8Q|cei>tible  oi  essential  imprpvexpent :  ani  under 
these  impresttons*  they  hojie  to  repeire  the  support  and  assxs- 
finoe  of  ihose  who  are  interested  in,  and  capable  of  promot- 
ng,  the  success  of  their  endeavoiirs. 


■=B 


VIII. 


^CQunf  of  a  Mcfchiffe  Jpr  pejforfning  fkt  J^hrcad-Work  in 
Skoc-makwg  in  a  standing  Fustvre  ;  coittrived^  and  Jar  muhy 

Yean conitantl^  wed  by  Thomas  Holdek,  Shoemal^er^  of 
fetiicttorthf  near  Pctxcort/iy  Suuex,* 

A.  VERY  moderate  obscn-ation  of  the  different  processes  of  The  ittjtnrtea 
baiidicraftsmen  will  shew  how  extremely  various  are  their  ha-  uQrking  in 
bits  of  inanipulating.     Every  diflPcrent  position  of  standing,  sit-  bu«t  Jirraft>  are 
dng,  and,  perhaps,  iying,  may  be  found  among  (hem ;  and  in 
works  apparently  of  the  same  nature^  the  positions  are  fbnnd 
to  be  considerably  unlike  e<icl)  ether.     It  is  probable  that  the 
first  workman  assumed  positions  which,  whether  aukward,  con- 
fined, or  inconsistent  with  health,  or  the  contrary,  came  into 
universal  use  when  the  habit  of  the  individual  and  the  con- 
firmed custom  of  master  and  apprentice  had  given  them  the 
sanction  of  many  vears.     Thus  we  see  that  men's  cloths  arc  Instances:-* 
seMi'ed  by  men  wlio  sit  cross-legged  5  women's  cloths  by  wo-  ,nL^^*" 
men  who  sit  in  no  unusual  position  :  turners  in  India  hold  the  maken;      -    - 
tool  with  their  tcet,  and  turn  the  lathe  with  the  left  hand,  while  JJj]?S["^^n 
tbey  sit  on  the  ground  with  the  body  leaning  very  much  for-  io  £urope; 
ward ;  iu  Europe  they  stand  and  tuni  with  one  foot,  while  the 
iuuids  direct  the  tool :  comb-cutters,  for  coars<!  or  open-^oothr  — c^omb-cnt- 
ed  combs,  sit  astride  a  large  triangular  stool  with  tlfejr  work  ^(^^c^^  ^^ 
ftt  low  as  the  seat,  so  that  they  must  keep  their  bodies  almost  work. 


•  »  For  which  the  Society  of  Arts  pave  a  premium  of  fifteen  gui- 
neas. See  vol.  xxii.  of  their  Transactions.  One  of  the  machines  i5 
•la  ihric^  repoficor)'. 

X  2  horizon- 


X56  liiicniirit  rou  tiroxiCjiKBar. 

horizontal  while  at  work ;  but  tliMfe  w4io  tot  ifoiy  tooAt  M 

▼cry  nearly  Bpright.  .•• 

Other  arti  ara  Many  other  examples  might  be  given,  not  only  of  wsrhl 
wU^h^j^urTti  ^^'^**  *^  practically  shewn  to  be  capable  of  being  execQied 
health.  with  IcsB  hijury  to  the  comfort  and  health  of  the  profcnon 

than  at  present ;  but  of  others  where  the  miaciiidi  are  no  less 
evident,    and  their  remedies  by  no  means  difficult,  if  man 
OHild  be,  by  the  gentle influenceof  reason^  induced  toilepart 
from  what  habit  has  coniirmed  and  made  easy. 
Sboenaking  is      The  numerous  bodily  complaints  which  are  consequent  to 
^raft/***^''    the  ptfWce  of  the  art  of  shoe-making,  as  now  perfbrmed,  arc 
well  known  to  all ;  and  the  remedies  in  this,  ns  well  as  othn 
branches  of  human  industry^  arc  intitled  to  general  reg^. 
He  who  improves  the  cultivation  of  the  ground,  or  renden 
human  labour  more  productive  by  machinery',  is  intitled  to 
universal  gratitude  as  a  benefactor  of  the  human  race :    He 
increases  thoir  comfort?,  and  renders  the  means  of  subsistence 
It  ill  detpr^n^  more  easy.     The  hanie  argument  will  apply  to  every  man  mho 
Cf»i.tion  to  ini-    ^y  ^^i^  iivjenulty  or  his  inOuince  shall  diminish  the  evils  wfcich 
jwve  the  piao-  mjiy  \^  uitimatelv  attendant  on  a  liie  of  labour.  Thomas  Hd- 
I'homas  Moi-    <lcn  has  been  impelled,  for  his  own  porsonui  relief,  to  con!>truct 
dcu's  mju:Linc.  and  use  a  simple  machine  for  one  branch  of  his   craft.     The 
master  shoemakers  and    their  masters,  or  employers,  will  r.ci 
meritoriously  in  cxtendin;;  jts  use.     As  the  editor  cf  ii  J.-uinal 
of  the  ArU^  I  have  thought  it  my  duty  in  this,  as  in  mi-st .  ::-.er 
instances,  to  second  the  views  of  that  excellent  Society,  which 
has  been  so  long  established  in  London,  and  has  so  actively  aod 
constantly  exerted  itself  lor  their  encounigenicnt. 
fitateoient  of         Mr.  Nicholas  Turner,  who  addressed  the  Society  on  behalf 
*^*'*^"*  of  this   machine,  speaking  highly  in  its  commendation,  sayi 
that  its  cost  will  not  be  more  than  from  between  twenty  and 
thirty  shillings.     The  inventor  himself,  after  stating  bis  suffer- 
ings from  tiie  pursuit  of  his  business  as  a  maker  of  shoes,  says 
that  he  has  found  it  to  answer,  and  its  use  to  have  been  follow- 
ed by  a  restoration  of  his  health.     When  he  wrote  bis  letter, 
he  had  made  about  two  thousand  pair  of  shoes  with  it,  and  he 
considers  it  as  the  quickest  wav  of  closing  all  the  thread-work. 
Cfrtifiipates»  Certificates  were   tUso  sont  to  the  Society,  from  six  cord- 

M'alncr&  of  the  vicinity,  who  were  witness  to  tho  use  and  advan- 
tages 
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ft^Pi  t>f  tbe  OMchiM;-  aUd  Mr.. Peter. Maxthit  Bwigmitroi' 

Tu||)orough,  wrote  aktter  toChurles  Taylor,  Eiq.  tecrotmiy  ta 

the  Societ^r,  which  I  have  extracted  verbatim. 

I  am  nncerdy  of  opinioD,  that  Thomas  HeUen't  inven-  Mc  Martia'f 

tion  it  a  desirable  acquisitioa  ta  men  of  that  profasiim,  ^^^^, 

especially  ta  thow  who  may  be  diseased  internally,  or  who 

may  suffer  froia  stomach  weakness  and  indigestion.    These 

diseases  may  ha  aggravated)  if  not  occasioned^  by  their 

working  in  a  bent  posture. 

The  inventor,  about  twenty  years  ago,  often  applied  4b  Bad  state  of  tha 

*'  mc  for  relief  finom  a  train  of  bowel  complaints,  and-  |ne-.h«*>*^«f^ 

1     ,     .  II  1-  .  ti  1        inventor  fipwa 

''  quently  had  occasmn  to  take  tbemedianes  asually  employ*  practinog  his 

«'  cd  for  the  relief  of  dyspepaa.  emptoymiat.  , 

*^  I  repeatedly  informe^l  him,  that  his  employment  was  the 
'^  cause  of  his  disorder,  and  desired  him  to  relinquish  it,  or 
**  invent  some  method  to  do  his  work  standing.    This  hint, 
and  his  corporeal  sufferings,  prompted  to  the  invention. 
That  it  answers  the  purpose,  I  have  reason  to  believe,  as  he     ^ 
''  and  others  dse  it.     He  is  now  free  of  complaints,  and  so  Perfectly  ra- 
**  improved  in  his  corpulence  and  countenance,  that  he  is  not  ^i^  nuichSL^ 
**  like  the  same  man,  and  for  years  has  bad  no  occasion  for 
**  medicine.'^ 


4i 


Reference  to  the  Engraving  of  Mr,  Holden's  Invention  for  DescriptiaftcC 

Skoemakers,  Ph  IV.  Fig.  2.  ^  "^^"^ 

A*  The  bed  for  the  closii^  block,  and  to  lay  the  shoe  In  , 

whilst  sewing. 

B.  The  closing  block. 

C.  A  loose  bed  to  lay  the  shoe  in  whilst  stitching ;  the  lower 
part  of  which  is  here  exhibited  reversed,  to  show  how  it  is 
placed  in  tbe  other  bed,  A. 

I).  The  hollow  or  upper  part  of  the  loose  bed  C,  In  which 
the  shoe  is  lai<i  whilst  stitching. 

E.  A  table  on  which  the  tools  wanted  are  to  be  laid. 

F.  An  iron  semicircle,  fixed  to  each  end  of  the  bed  A»  to 
allow  the  bed  to  be  raised  or  depressed.  This  half  circle 
movei  in  the  block  G. 

H.  Another  iron  semicircle,  with  notches,  which  catch  upon 
a  tooth  in  the  centre  of  lha>lack|  to  hold  the  bed  in  any 

angle 
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angle  reqaufd.     Tfait  lunicirek  NiMrvs  »<le«ray  i 

hook»  in  staples,  at  each  tnJ  of  ihe  bed. 
I.  The  rail  or  sum  or  the  bed  A,  mimig^iii  •  cjloiifrici) 

hnlfcin  ihepiHar,  cnaHir:?  ■'■'  '■  '   •    '- ■ 

fjutred  direction,  and  »t^i 

Ilie  cperator  to  place  th>- 
K.  The  pillur.  formed  I'ke    i.:u  j „,    _  ,t_i*  I>Ur,« 

iog  the  Wo  aide  !e^  Lctngm  a  di»ci  iioa^afid  )lit  oliiei  Ir< 

tit  &  right-angle  with  them. 
L.  Tlie  Mroicirclcj^i,  shofiii  sfparari-K    <■.   MiJ.r-  l,.u  t   > 

connected  »itb  the  »(ap)es,  and  h<:»^  ' 
M.  Tbc;ail  or  stem  of  the  bed  A.  i 

be.)  N,  shiiwn  scpanilely,  to  cjiplaiii  j      ■   i! 

ihc  bed  ii  raHed  or  dcpMiiScd  (Kca«ioiHilt)r«j 
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(CoHchidti  from  fagt  it.) 
VII.  Cohttke  AUraction  t^ Stiiilt  mi riiMt,    . 


We 


'  E  may  therefore  intjaire  Into  the  conditions  cf  cijuiHl 
of  the  ^hm  forces  acting  on  the  anguUr  [lunidn,  one  in  lt» 
direction  of  the  surface  nf  the  fluid  onlj ,  a  lecoiid  in  ihat  of 
thi'  comnion  surface  of  the  solid  and  fluid,  ati'l   ''-r  *':ir''  "■ 
that  i>f  the  exposed  surface  cf  the  sglid.     Nui% . 
an^le  of  the  HuiiI  to  he  obtuse,  the  whole  supn; 
of  the   fluid  heing   rfpreseoled  by  ihc  radiui,  jk    j....l  cit.... 
acts  in  ihc  diri'clion  of  the  mriacc  uf  the  sulid  will  he  prflp— ■>< 
tional  to  the  cosine  of  the  itifjinalian  ;  and  this  lurcr,  uddeil 
lo  the  force  of  the  solid,  willbt-  rquul  to  tlio  force  uf  the  com- 
non  surface  of  the  solid  and  ftnid,  or  to  llic  difibrcncesof  Aiit 
forces:  consequently,  Ihe  cosine  added  to  twice  the  force  <i 
the  solid,  will  be  equul  lo  the  whole  force  uf  the  fluid, 
the  ndivs :  bcoce  the  force  of  the  solid  is  rrprcsentcd 
»  Philu.  Tram.  IB03. 


3tT  Holdfihf  Maiifuite  ^r  Shot  makers- 


•-  Appaniii4.c  by  .V  ..iytrnftif: 


1^. 


] 
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§ 
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ttie  diCR^ence  between  the  cosine  and  the  radias,  or  by  half  ibe  ColiesiTe  tft- 

f  MMJttl  ■■■■   ^^1 

Versed  sine ;  or,  if  the  force  of  the  fluid  be  rcpresenCed  by  the}  ^j^^^^ 
diameter,  the  whole  versed  tine  will  indicate  the  force  of  the  flaidL 
so!id.  And  the  9ame  result  follows  when  the  angle  of  ttie  flbid 
is  aciite.  Hence  wc  may  infer,  that  if  the  soKd  have  half  the 
attractive  force  of  the  fluid,  the  surfaces  will  be  perpieiidicular  ^ 
find  this  seems  in  itself  reasonable,  ^nce  two  rectangular  edges 
of  tlie  solid  arc  equally  ne^r  to  the  angular  particles  with  one  of 
the  fluid,  and  w^  may  expect  a  fluid  to  rise  and  adhered 
the  surface  of  every  solid  more  than  half  as  attractive  as  itself; 
a  conclusion  which  Clairaut  has  already  inforred,  in  adi^ftrent 
manner,  from  principles  which  he  has  but  cursorily  investiga*  I 

ted,  in  his  treatise  on  the  fignreof  theeartb«  j 

'  The  versed  srn^  varies  as  the  square  of  the  sine  of  half  the 
single  :  the  force  must  therefore  be  as  the  square  of  the  height 
to  which  the  fluid  may  be  elevated  in  contact  with  a  horiaonttl 
surface,  or  nearly  as  the  square  of  the  number  of  grains  de- 
pressing the  apparent  cohesion.  Thus,  according  to  the  expe- 
riments of  Morveau,  on  the  suppositions  already  premi:%d, 
u-(«  may  infer  that  tlie  mutual  attraction  of  the  particles  of 
irncrcury  iKMng  unity,  that  of  mjrcury  for  gold  will  be  .1  <»r 
more,  that  of  silver  about  .9^,  of  tm  .90,  of  lead  .8 1 ,  of  bis*^  . 

muth  .7^,  of  zinc  .21,  of  copper  10,  of  antimony  .08,  of  iron  ^ 

.07,  and  of  cobak  .0004.  Tlic  attraction  of  glass  for  mercury 
v.ill  be  about  one-sixth  of  the  mutual  attraction  of  the  par- 
ucics  of  mercury  ;  but  when  the  contact  is  perfect,  it  appears 
to  be  considerably  greater. 

Although  the  whole  of  this  reasoning  on  the  attraction  of 
solids  is  to  be  considered  rather  as  an  approximation  than  as  a 
strict  demonstration,  yet  we  are  amply  justified  in  concluding, 
that  all  the  phenomena  of  capillary  action  may  be  accurately 
explained  and  mathematically  demonstrated  from  the  general 
law  of  the  equable  tension  of  the  surface  of  a  fluid,  togethei 
wjth  the  consideration  of  the  anale  of  contact  appropriate  to 
every  combination  of  a  fluid  with  a  solid.  Some  anomalies, 
noticed  by  Mnsschenbrock  and  others,  respecting  in  particu- 
lar the  effects  of  tubes  of  considerable  Ic ninths,  have  not  been 
considered :  hut  there  is  great  reason  to  suppose  that  either 
the  want  o(  uniformity  in  the  bore,  or  some  similar  inaccuraej^ 
has  been  the  cause  of  these  irregularities,  which. have  by  n^ 

mctot 
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Coliwfv  ae-  mMM  been  tnificiently  confirmed  to  afford  an  objection  to  any 
Mlidsini  iheory.  The  principle,  which  bus  been  laid  down  re9ptctiii| 
iaidff.  die  contractile  powers  of  tlic  common  surfece  of  a  solid  and  a 

fluid,  is  confirmed  by  an  obs»ervation  which  I  ha\*e  made  on 
Iho  small  fi^M  of  oil  which  form  themselves  on  water.  There 
h  no  doubt  but  that  this  cohesion  is  in  some  measure  indepen- 
dent of  the  chemical  affinities  of  the  substances  concerned; 
tallow  when  solid  has  a  very  evident  attraction  for  tbe  water 
out  of  which  it  is  raised  ;  and  the  same  attraction  must  operate 
upon  an  unctuous  fluid  to  cause  it  to  spread  on  water,  the 
fluidity  of  the  water  allowing  this  powerful  a^ent  to  exert  itirif 
with  an  unresisted  velocity.  An  oil  which  has  thus  been  spread 
is  afterwards  collected,  by  some  irregularity  of  attraction,  into 
thin  drops,  which  the  slightest  agitation  again  disupates :  tbrtr 
furfiEux  forms  a  very  regular  curve,  which  tcnninRtsa  ahraptly 
la  a  surface  perfectly  horisontal :  now  it  follows  flfotn  the  Iftvi 
;  hydrostatics,  that  the  lower  surface  of  these  drops  mtist  consti- 
tute a  curve,  of  which  tlic  extreme  inclination  to  the  horooa  u 
to  the  inclination  of  the  upper  surface  as  the  specific  graiitj 
of  the  oil  to  the  difference  between  its  specific  gravity  and  that 
of  W9ter :  consequently  since  the  contractile  forces  are  hdd  ia 
equilibriupi  by  a  force  which  is  perfectly  horisontal,  their  mag- 
nitude must  be  in  the  ratio  that  has  been  already  assigned :  and 
It  may  be  as!»umcd  as  consonant  both  to  theory  and  to  obser- 
vation, that  tbe  contractile  force  of  llie  common  surfttcc  of  tvo 
substances,  is  proportional,  other  things  bciiij>  equal,  to  the  dif- 
ference of  their  densities.  Hence,  in  order  to  explain  the  ex- 
periments of  Boyle  on  the  eficcts  of  a  combination  of  fluids  'n\ 
capillary  tubes,  or  any  other  experiments  of  a  similar  nature, 
we  have  only  to  apply  the  law  of  an  equable  tension,  of  which 
the  magnitude  is  determined  by  the  difference  of  the  attractive 
powers  of  the  fluids. 

I  shall  rescrx'c  some  further  illustrations  of  tliis  mfijcct  for 
a  work  which  I  have  hmg  been  preparing  for  the  pn*ss,  and 
whicU  I  flatter  myself  will  contain  u  clear  nnd  simple  e.xpU- 
natinn  of  the  most  important  parts  of  natural  ])liI)cisophv.  I 
have  only  thought  it  rij^lit,  in  the  present  |Miper,  to  lay  before 
the  Royal  Socifty,  in  the  siiortt»st  possible  comjiass,  the  parti- 
culars of  an  oiigiiml  investigation,  tending  to  e.xpluin  some  facr« 
and  establish  some  analogies,  which  have  hitherto  been  ob^curv 


■Bid  unriUdligibh*. 


X-. 


CltBMXCAl   THEORT*  \Q\ 


X. 


f'dets  «iUl  ObHrvathns  relating  to  tke  Theory  cftleati  tight, 
and  Combuition,    By  Mr.  J;  Arnoi^ 


1 


To  Mr.  NICHOLSON. 
SIR, 


T  has  been  iaii!«  when  a  person  begins  to  theorise,  theit  IHiMitaitlMi  U 
is  no  absardity  which  he  may  not  give  credit  to,  and  that  ^  ''''^||!!!| 
«  professed  theorist  is  much  allied  to  a  madman.     This  ap-  i|ghtiiid«ott 
p%an  partly  to  be  true,  if  we  consider  the  numerous  futile  ^wtiop- 
lijrpothesM,  on  various  subjects,  which  have  each  had  its  re^; 
ttudh  hai  been  supposed  true,  and  each  has  deservedly  fallen. 
But  when  w6  observe  farther  into  the  matter,  there  is  ample 
iDOin  to  sttpposeu  that  however  wild  the  imaginations  of  cer- 
tain pcnons  may  have  been,  yet  from  the  exuberances  of  some, 
Hie  most  importaiU  facts  have  been  discovered.    The  accurate 
•Cteacion  of  a  person  to  the  most  trivial  subject,  has  led  to 
the  most  important  discovery :  need  I  mention  the  circum* 
ftance  which  induced  the  great  Newton  to  invent  his  most 
jyit  theory  of  gravitation :  If  common  report  be  true,  it  waa 
the' train  of  thought  induced  by  iieoing  an  apple  *  fall  from  a 
tiee*     Lavoibicr,  by  a  proper  train  i>f  thinking,  discovered  the 
theoiy  which  would  account  for  the  phenomena  of  combust 
tion:t  and  Copernicus,  by  attentive  observation,  was  led  to 
bdicve,  tliat  the  earth  was  a  globe  ;  \  and^  like  the  planets^ 
revolving  round  the  ^un.     Kveii  the  publisher  of  a  false  theory 
has  ntlen  gained  himself  a  great  degree  of  praise,  as  we  see  in 
the  cases  of  Stalil,  Schcclc,  Des  Cartes,  &c.     From  this  pre« 
face  you  may  be  led  to  think  that  1  also  am  about  to  theorize 
and  you  may  be  induced  to  cry  oat,  "  delirat^  delirat  I"  be 
that  as  it  niuy,  I  cei  taiiily  am  theorizing. 

Before  I  begin  the  more  immediate  subject  of  my  hypothesis, 
I  shall  take  a  .slij^ht  notice  of  the  new-invented  field  in  which 
you  and  so  nvany  distiuguitihcd  persons  have^  and  still  conlinue 

*  Xpwtoiiii  opera  omnia.  t  Thompsoiu 

t  Biu^mphiu  Oene rails. 
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Dinertttiofe  on  to  labour;  what  is  the  origin  of  the  science?  ft  ha»ito  pie^ 

the  nature  «nd  tgosjoDS  to  antiquity  ;  it  was  not  a  part  of  the  learning  of  tfai 

effiectB  of  lipcht,  .       ^      .       .. .  ,  -  i     «s 

bMt,  and  com-  antients ;  the  Greeks  dtd  not  cultivate  it;  the  Romans  were 

l>u>tion.  uitoc<{lieinted  with  it;  but  the  Egypti^ms!  the  people  of^iat 

country  weiie  great  magicians^  and  could  peiform  works 
which  persons  of  other  countries  were  unable  to  effect ;  itiey 
are  supposed  to  hax-e  had  converse  with  devils.  What  is  the 
meaning  of  the  new  art  ?  to  what  part  of  natufc  does  its 
"^ '  actions  belong  ?  It  is  called  chemistry,  an  art  which  rdatft 
'  to  the  formation  of  medicines  to  prolong  the  life  of  hian ;  i>iil 
tt  has  improved  but  little  in  this  respect :  fbriperly  it  waa  dig- 
nified with .  the  name  of  alchemy,  *  a  most  august  mnd  revet 
raid  tLvty  the  votaries  of  which  attended  to  the  traiismutsMfr 
pf  mctais,  and  attempted  to  discover  the  art  of  making  g<44 
m  well  as  of  forming. nn  universal  medicine,t  by  which  riches 
would  abound,  and  mankind  would  dispense  with  that  lait 
distressing  rite  which  hitherto  has  been  performed  by  all,  and 
to  which  all  alive  must  bend. 

Such  a  description,^  a  few  years  since,  might  have  been  givAl 
of  our  art ;  but  since  that  time,  to  what  an  extensive  expansa 
has  it  reached !  to  it  all  nature  is  subject,  whether  animate, or 
anorganizcd  ;  it  is  a  science  which  ti'eafs  of  the  minute  ♦  par^ 
Bidet  of  matter,  and  of  the  changes  which  take  place  upon  ap« 
plying  different  particles  to  each  other. 

The  different  substances  in  nature  may  l>e  divided  intose^ 
veral  orders,  solids,  fluids,  gases,  and  §  unconfinablc  sub* 
•tances.  The  three  first  are  always  cognizable  to  tmo  senses  ; 
the  latter  are  apparent  to  one  sense  alone,  viz.  light  to  the 
sense  of  vision,  and  heat  to  tbc  sense  of  touch 

With  regard  to  our  speculation,  the  last  set  of  sul>stancc5 
are  most  to  be  attended  to,  though  to  explain  their  effects,  the 
other  substances  must  be  had  resort  to.  One  of  the  most  won- 
derful phenomena  in  nf^ture,  but  at  the  same  time  the  most 
fiuniliar,  videlicet,  combustion,  bos  been  attempted  to  be  ex- 
plained at  vari(ms  times,  by  well-adapted  theory.  In  this 
inquiry,  and  as  inventors  of  different  hypothesis  liuve  appear- 
ed at  various  times,  Hooke,  Mayow,  Bcccher,  Stahl,  Macquer, 

*  Albortius,  t  Paracclaus.  J  I'ourcroy.     Heron. 
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MRif  9LV]fir^hf  X4vdfaDUkr.  In  tht  Ivmo0»t  agte  '^ra  was  tup-  yiafartoiiou  on 
J^esed  to  be  a  8oli9taQC«  wbidi,  by  being  applied  to  c€i^>i  ^^^^^lieat. 
^her  substances,  devoured  them,  and  what  was  left  was  sup-  K^hti  md  cmb- 
posed  to  be  unfit  for  the  *  food  of  fire :  to  this  succeeded  tli«  ^""^°- 
opiiHon  ^at  a  f  solvent  acting  jBpidly  on  the  combustible,  waa 
the  cause  of  the  evolution  of  heat  and  light;  to  this  the  suppo- 
lition  that  violent  friction  and  J  agitation  between  the  combus- 
jfible  and  a  matter  existing  in  the  air  was  the  cause  of  the 
phenomenon.  This  was  followed  by  the  hypothesis  that  iii-» 
^mmables  had  the  peculiarity:  of  ^  running  into  violent  whirls 
.ingH,  by  which  ^combustion  was  produced;  the  next  opinioil 
uras  that  light  oersted  in  a  ||  dense  state  in  all  inftaniroabki^ 
And  by  certain  actions  was  set  free ;  afterwards  a  peculiar  very 
lubtile,**  JAOst  elastic  fluid,  was  supposed  to  be  condensibiey 
in  certain  bodies,  from  which  it  escaped,  and  produced  ceiiain 
appearances,  among  which  was  combustion.  This  hypothesis  was 
superseded  by  the  opinion  that  heat  and  l^ht  were  evolved 
by  the  ft  &ir,  \vhich  combined  with  the  inflammable  body,  at 
the  same  time  giving  out  a  certain  principle  which  rendered 
the  air  afterwards  incapable  of  supporting  combustion  ;  aft<er 
this  coinbustion  was  supposed  to  depend  on  a  substance  whidk 
was  the  same  in  all  combustibles  H*  This  theory  was  the  laat  ' 
to  overturn,  and  was  succeeded  by  that  which  stated  that 
during  combustion  oxigon  gas  was  §§  always  absorbed.  This 
theory  is  certainly  the  best,  and  appears  to  have  a  firm  foun- 
d«ition,  but  it  evidently  fails  in  explaining  the  most  striking 
phenomena  of  combustion,  viz.  the  ||||  origin  of  the  heat  and 
light,- which  is  the  very  essence  of  combustion.  It  is  the  pro^ 
viiicc,  therefore,  of  this  paper  to  explain  the  probable  sources 
of  these  substances ;  though,  from  the  extreme  intricacy  of  the 
subject,  it  is  with  great  diffidence  that  I  do  it. 

ft  may  be  proper,  before  immediate  procedure  to  the  business, 
to  notice  those  substances  which  are  necessary  to  constitute 
combustion.      Authors  inform  us^   that  oxigen  gas  and  an 

*  A  Ibertus  Magnus  ct  alii.  f  Ilooke.  t  Mayow. 

§  Stahi  Scbecle  et  alii.  ||  Macqaar.  *  *  Newton. 

1 1  Crawford.  J  J  Kirwan.  §  §  Lavoisier. 
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pi«ertitfoiiM*1bfl«miniUe  sabstaQce  mre  necessarily  ptesAit  in  rmy 
rffbSr^^oSL  ^*^  ^^  combustion,  but  in  the  present  speculation  I  am  under 
iighu  widcuBi-tbe  necessity  of  supposing  both  oxigen  g^  and  combustibles 
^'**™*'  compound  substances,  so  that  we  have  four  substances  present 

in  every  case  of  combustion, — oxigen,  light,  the  base  of  sn  in- 
flammable substance,  and  heat. 

In  speaking  of  caloric  and  light*  we  do  not  think  it  neccsaiy 
to  enter  into  the  subject  minutely,  but  only  to  mention  thon 
circumstances  respecting  them  which  are  allied  to  our  theory. 
With  regard  to  the  mode  of  existence  of  heat,  there  is 
atill  some  dispute  among  philosophers,  some  supposing  that  it 
is  a  property  produced  by  the  motion  of  a  very  subtile  xtherf 
vhich  pervades  all  space ;  others,  that  it  is  a  real  substance, 
sometimes  giving  a  sensation  to  the  sense  and  touch,  but 
often  so  hidden  X  in  bodies,  that  its  presence  cannot  be  per« 
<:cived.  Perhaps  the  latter  opinion  is  the  best,  for  by  it  we  are 
the  better  enabled  to  treat  of  the  subject.  As  I  mentioned 
before,  this  substance  is  capable  of  entering  into  chemical  union 
with  certain  other  substances ;  in  which  case  it  can  only  be 
discovered  by  certain  properties  which  those  substances  pos« 
sess,  and  this  property  js  that  of  inflammability ;  here  there* 
fore  I  differ  in  opinion  from  most  pliilosophcrs,  who  suppose 
that  heat  exists  latent  in  greatest  quantity  in  certain  aerial 
susbstances,  as  oxigen,  carbonic  aciil,  (S:c.  §  which  I  process 
to  have  none,  unless  that  which  regards  the  temperature  of 
such  bodies,  for  I  am  not  inclined  to  deny  the  circumstance 
that  different  substances  require  different  portions  of  heat  to 
make  them  of  an  equal  temperature  ;  on  the  contrary,  I  suppose 
that  the  experiments  of  Crawford,  Irvine,  &c.  with  respect  to 
^c  capacities  of  bodies  for  heat,  arc  as  accurate  as  the  sub- 
ject will  allow  ;  but  tlic  heat,  whicli  I  call  latent,  has  no  effect 
in  increasing  tcfnpcrature  ;  a  quartiity  of  sulphur  at  pluf  one 
hundred  degrees,  contains  as  much,  and  no  more,  of  that  la/- 
tent  heat,  than  the  same  portion  would  at  the  most  intcmtf 
cold  ever  observed. 

Perhaps  it  will  be  better  to  state  in  what  the  peculiarity 
of  my  opinion  consist^.    According  to  the  writings  of  tlie 

*  Thompson  et  multi  alii.        f  Xc%vton.    Leslie.        J  Black. 
§  Crawford. 
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^nost  celebrated  chemists,  cateric  is  of  two  kicdis;  one  of  DfaMiUtionoft 
these  is  called  caloric  of  temperature^  which  gives  the  :jen-  jSl^JS^oTheT* 
eation  of  warmth  i   the  other  is  hidden  in  substances,  *  so  light,  aad  c«m- 
that  its  presence  cannot  be  perceived  but  by  certain  changes''"***®''- 
\%  hich  such  substances  may  be  made  to  undergo  -,  thus  we  find 
that  ice  at  32°  contains  much  less  heat  than  water  at  32°»  f . 
though  to  the  sense  of  touch  they  are  the  same.     The  third 
state  in  which  I  suppoi^e  heat  is  capable  of  exi8tin<?,  is  as  a 
component  |:art  of  all  inflammable  substances,  and  is  that 
substance  on  which  their  combustibility  depends;  and  this  I 
think  it  necessary  to  take  for  granted,  to  elucidate  the  phe- .. 
X)om<^na  of  combustion,  which  I  hope  to  do  in  this  imperfect 
memoir ;  but  as  it  is  a  thing  necessary,    for  the  truth  of 
eviey  theory^   that  the  data  on  which  it  is  founded  should 
have  truih  iorthrir  basis,  it  may  be  prudent  to  state  the 
groundb  on  v.h  ch  the  present  assumption  is  settled,  cspeciallf 
J8  itts  a  common  fauit  with  speculators  to  build  castles  with- 
out examining  the  foundation  which  is  to  support  theo^ 
and  hence  the  superstructure  being  well  increased,  or  per- 
Jiapa  nearly  fl.iished,  by  a  fault  in  the  foundation,  has  soon 
iaUeo  prone;  as  has  been  observed  in  t  .ose  buildings  which 
were  raised  by    Stahl,  Schecle,  Des  Cartes,  &c.  though, 
at  j}lK  ^^^W  they  appeared  very  fair,  and  exceedinglf 
strong. 

Since  the  rece  tion  of  the  Lavoiserian  theory  of  combus- 
tion* some  philosophers  have  supposed  that  the  evolution  of 
caloric  and  light  uas  from  the  oxigen  ^as  alone,  X  others  have 
supposed  that  light  was  afforded  by  the  §  connbustible  sub- 
stance, and  heat  by  the  oxigen  gas,  ||  which  last  opinion  has 
bad  the  greater  number  of  followers.  Some  unable  to  ac- 
count for  the  circumstance  have  supposed  that  light  and 
heat  are  only  different  forms  of  the  **  same  substance.  La- 
voisier appears  to  have  inclined  to  the  opinion  that  the  light 
v^as  afforded  by  the  ft  oxigen  gas,  though  he  also  supposed 
that  the  heat  also  might  have  the  same  origin.     Before  I 

*  Dr.  Black  et  alii,     f  Dr.  Black.     I  Lavoiaicr,  Bnignatelli,  &c. 
V  Maquer,  Richter,  De  la  Mfitherie,  Chcncvix,  1  hompson,  Gren, 
<^t  alii.      II  ThoinpsoUi  et  casteri.      *  *  Murray's  Chemistry,  p.  178. 
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-|g^  CMEirlCAI.  ^B&OllT* 

Difs^tkm  on  State  ray  objections  to  these  opinions,  I  shall  proceed  to  80 

ithc  ntture  anil  jj^^  ^jg^f  oxigen,  and  inflflmmahle  bodies. 

stfTccts  of  hc»t,      ,.?,.,?  ,.  .  • 

light,  and  com-      Light,  hkc  heat,  a:  cording  to  some,  is  a  r  ro.  rrtj  caiM 

buitioD.'  }yy  ihe  vibralion  of  a  very  subtile  fluid  which  fiUs  all  s  at^ 

and  which  undulation  *  is  producrd  by  the  sun,  and  othcrh- 
ininous  bodies.    Accordi;  g  to  others,  it  is  a  reiil  nibstancc^ 
ematiating  from  luminous  bodies  in  strait  linestf  and  uhidi 
by  approaching  our  eyes  gives  the  sensation  of  light.     In 
4>bcl(iience  to  thit,  theietore,   I  shall  suppose  it  a  uibataocei 
and  like  hear,  capable  of  exibiing  in  a  laten(  senn.  le  form. 
Tiie  first  is  that  which  affects  our  organs  of  vision,  the  leBond 
as  a  component  part  of  a  substance,  with  which  it  is  in  d»- 
snical  union,  but  from  which,  by  the  action  of  certain  sob- 
stances  on  it,  ni;\y  be  expelled  and  rendered  sensible.    Wfab? 
ther   liglit    be    able   to    combine    with    mure   substances 
than  one,  I  cannot  at  present  determine,  but  from  many  a^ 
pearanccd,  which  are  familiar  to  chemists^  I  am  apt  totfr 
•lieve  that  it  i^. 
/  Infl..raniable  substances  have  been  usually  considered  ai 

elements,  but  I  am  under  the  necessity  of  crailing  them  4 
compounds,  {  each  consisting  of  a  base  and  the  condemfil 
matter  of  heat.  This  opiuion  indeed,  does  not  appear  to  be 
peculiar  to  myself ;  for  nn  i'x  eel  lent  chemist,  m  ho  has  puUisbcd 
an  extensive  chenuczil  work,  appears  to  think  ihem  biDiry 
compounds,  as  consisting  of  a  hast  and  light.  Of  thea&ioh- 
fitances  there  are  various  kinds,  each  elementary  combuscibfe, 
consisting  of  iis  peculi.ir  base;  but  they  all  resemble  each 
other  in  this,  that  each  one  contains  in  composition  the  con- 
densed matter  of  heat,  but  that  in  different  degrees  of  cohe- 
sion, some  Very  easily  part  with  it,  as  fulphur,  phosphoras 
&c.  but  from  others  it  can  scarcely  be  expelled,  as  the  me- 
tals. Some  philosophers  have  sup)  ased  that  these  substaoccf 
consist  of  n  base,   and  the  matter  of  tight . 

Oxigen  gas  has  been  by  many  supposed  to  be  a  compound 
of  heat ;  and  a  base,  §  some  have  reckoned  it  a  ternary  com- 
pound, consisting  of  a  base,  heat,  and  light ;  ||  but  I,  as  was 
before  observed,  take  it  to  be  a  combination  of  the  condensed 

*  Iluv^cns.     Eulcr.  t  Newton.  t  Thorn psoiu 
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Matter  of  lights  and  a  base  s  when  I  apeak  therefore  of  oxigttiy  DiMsitafioB  oil 
I  mean  the  base  of  oxigen  gas,  which  perhaps  can  only  exist  ^.fJ^JtJ^iiSS 
in  combination  wiih  the  base  of  an  in£animable  substance,  light,  «i4 
thereby  .j(jr»rniing  a  product  of  combostion^  bustion..  • 

Now  therefore  let  us  examine  some  cases  of  combustion, 
to  observe  whether  our  theory  will  apply,  and  it  will  be  pre- 
ferable to  begin  with  the  most  simple.  Water  is  known, 
(a  prnduct  of  combustion)  to  consist  of  oTtigen  and  hydros 
gen,  or  rather  of  the  basos  of  oxigen  and  hydrogen  gases,  and 
con  e.uently  the  heat  and -light  were  evolved  in  the  conver- 
sion of  these  gases  into  water.  It  therefore  must  be  appa- 
rent to  all,  th'.it  as  oxigen  and  hydrogen  gasies  con^iist  of  font 
substances,  and  wattr  of  but  two,  that  to  reproduce  the 
gase-  from  water,  the  light  and  caloric  must  be  added ;  but 
it  may  >  e  said  that  heat  and  light  will  not  unite  with  water, 
and  convert  it  into  its  component  parts;  if  we  af)p1y  water  to 
the  strongest  light  and  he;vt,  it  will  only  be  converted  int9 
vapour.  To  this  I  answer,  that  the  heat  and  light  in  theT 
gases  exist  in  the  latent  form,  and  we  can  only  cause  them 
to  combine  with  water  by  presenting  them  tu  it  in  such 
abtes.  But  how  can  we  procure  such  light  and  heat,  they 
are  incognizable  to  the  senses,  and  therefore  must  be  imper^  ' 
o^  tible  ?  /  hold  eltctiicift/  to  be  light  and  heat  combined^  and 
capable  of  effecting  this  change.  When  I  speak  of  electric 
nia^trr,  I  mean,  that  though  light  and  heat  are  generally  ap- 
parent on  electric  matter  passing  from  one.  body  to  another, 
yet  that  this  light  and  heat  are  not  necessarily  in  a  sensible 
state,  for  electricity  has  the  power  of  entering  some  sub* 
stances  without  producing  a  shock,  or  evolving  light  and 
heat :  to  prove  this,  we  will  make  some  observations  upon 
the  effects  of  electricity  on  combustible  substances,  and  pro- 
ducts of  combustion.  Combustible  substances,  according  to 
oar  theory,  are  binary  compounds,  consisting  of  a  base  and 
heat;  to  expel  this  heat  it  is  necessary  to  present  to  them  a 
substance  known  by  the  title,  oxigen  gas,  which  is  a  com- 
bination of«  a  base  and  light,  A  mixture  of  these  two 
substances  may  therefore  be  supposed  to-be  saturated  with 
the  matters  of  light  and  heat,  but  by  an  increase  of  tempera- 
ture a  divellent  attraction  takes  place,  the  base  of  the  oxigen 
hiving  a  greater  affinity  for  the  base  of  the  inflammable 

than 
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PiiKiutiea  tm  than  each  has  for  its  heat  and  light,  which  Amifoie,  ftod- 
ftftcUdMi^  their  uncoofinable  nature, escape.     The  action  of  ekcttie 
lifltff  and  eom- fluid,  on  a    combustible  substance,  is  only  to  increase  its 
^^'  temperature,  and  to  produce  combustion ;  for  the  substance 

is  already  saturated  with  that  mnttei  which  ciectricttr 
ofiers  to  it.  But  let  us  present  to  the  electric  matter  a  sob- 
stance  of  a  different  nature,  a  binary  coin{X)UDd,  consistisflr 
of  the  bases  of  oiigen  gas  and  an  inflammable  snbstanoe,  or 
what  is  called  a  product  of  combustion  }  here  the  action  i< 
widely  ciiflerent,  no  heat  is  evolved,  no  light  appcais » but  tbe 
■obstancejc  received  the  electric  matter  in  a  latent  states  and 
is  resolved  into  two  binary  compounds,  an  infiammaUe  adi- 
stance,  and  oxigen  gas.  This  process  may  be  exeinpKfiedi 
in  a  common  case  of  combustion,  in  which  both  the  ncos- 
^ry  compounds  are  in  the  gaseous  form.  If  a  certain  quan- 
tity of  oxigen  gas  be  mixed  with  hydrogen  gas,  we  shall  hm 
the  four  substances  necessary  for  combu^xion,  oxigen,  ligiit 
the  base  of  an  inflammable,  and  heat.  The  electr.c  spaifc 
being  applied  to  this  mixture,  causes  the  bases  of  the  oaugca 
and  hydrogen  gases  to  unite,  and  the  light  and  heat  to  escape; 
here  therefore  we  have  the  'product  of  combiistion,  wliichis 
a  substance  void  of  light  and  heat,  and  it  will  be  necessary  t» 
offer  light  and  heat  to  it,  to  reproduce  the  oxigen  and  hj* 
drogen  gases ;  but  we  may  ofler  sensible  light  and  heat  to 
them  in  profusion  and  no  union  will  be  produced  5  if  we 
heat  it  ever  so  greatly  it  will  only  be  evaporated.  Heat  and 
light  exist  in  the  gases  we  have  mcnticned  in  an  impercepd- 
blc  form,  and  to  induce  an  union,  we  must  oiler  them  in  the 
same  state.  This  form  of  light  and  heat  is  nothing  else  than 
tlie  electric  fluid,  and  hence,  by  passing  electricity  throogh 
the  waier,  it  is  resolved  into  its  primitive  gnscs. 

Electric  matter,  as  it  is  produced  from  the  common  ma- 
chine, is  of  a  compound  nature,  a  combination  of  the  matten 
of  heat  and  light:  being  therefore  introJured  into  wnter, 
myriads  of  minute  bubbles  escape,  which  are  oxigen  and 
hydrogen  gases  wixnl  tugtther.  But  of  late  ycarii  a  diffexeni 
modification  of  the  electric  matter  has  been  observed,  in 
which  the  principle  may  be  divided,  with  matter  ^i  heat 
escaping  at  oxic.  point,  and  the  matter  of  light  at  another. 
So  that  by  introducing  the  points  of  the  galvanic  ninchiow 

under 


jBoder  water,  wn  maty  obtain  the  oxigen  ^asfrom  one  poiot,  Duwctntioa  on 
jmd  the  hydrogen  ga^  from  Ihe  other  j  and  this  appears  lo  mp  ^^'^J*i,2t 
to  be  caused  by  the  base  of  the  oxigen  gas  existing  in  theii^ht,Mipoo»* 
water  combining  with  the  matter  of  light  from  one  end  of  ^"'■^^*"'*. 
the  trough,  and  the  matter  of  heat  uniting  with  the  base  of 
the  hydrogen  gas  at  the  other. 

With  galvanism  we  appear  to  be  but  very  little  acquaint- 
ed ;  we  are  shown  its  powerful  effects  in  burning  substances^ 
which  were  before  supposed  uninfiaminablc}  we  have  exhi- 
bited to  us  the  powerlul  elFects  it  has  upon  the  vital  animal . 
£bre,  but  no  one  has  attempted  to  explain  the  causes  of  these 
efiects^  the  cultivators  of  it  appear  to  have  explored  in  thie 
dark>  making  numerous  experiments^  and  wondering  at  their 
results  at  the  .beginning  of  an  experiment,  unknowing  what 
to  expect ;  and,  having  finished  it,  uuable  to  account  for  the 
change  :  like  the  practice  of  the  empirics  of  old,  who  were 
employed  in  obtaining  experience  by  actual  observation  only, 
unassisted  by  reason  or  theor}'.  If  a  disease  disappeared 
un  ier  the  use  of  a  particular  remedy,  that  substance  was  x 
cure  for  the  complaint ;  if  a  person  wqs  affected  with 
purging  after  swallowing  a  certain  article,  that  article  was 
set  down  as  of  a  purgative  nature,  when  perhaps  neither  of 
these  effects  were  really  caused  by  the  substance  employed, 
the  person  recovered  by  the  xires  n,cihcatnces  natirra,  and 
the  purging  was  caused  by  a  substance  prepared  by  the  body 
itself  3  and  it  remained  for  future  expcri  nee  to  prove  the 
fallacy  of  the  unjust  account.  Just  so  it  is  with  galvanism, 
by  passing  the  influence  through  water,  oxigen  and  hydro- 
gen gases  appear;  it  is  therefore  set  down  as  a  fact, proved 
by  experience,  that  galvanism  decomposes  water  >  and,  if 
galvanism  has  the  effect  of  decomposing  one  substance,  and 
has  no  effect  on  anotlier,  these  circumstancr>s  are  related  in 
the  empirical  account,  and  no  one  endeavours  to  seek  further 
into  the  subject  no  one  endeavours  to  explain  the  causes  of 
these  occurrences. 

If  I  may  hazard  an  opinion,  galvanism  differs  from  com- 
xnon  electricity  in  this :  in  the  latter,  the  influence  escapes 
from  one  point  only,  and  is  thence  a  compound  matter ;  but 
in  the  former  it  escapes  by  different  points.  I  have  said  be- 
fo.e,  that  electric  matter  is  a  combination  of  light  and  hear 
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r^0«iTtmtiAn  on  in  a  pure  and  dctatched  state,  and  capable  of  entering  cef« 
r^*ofh^?  Uiln  subs  ancrs,  withont  aflfccting  either  the  organs  of  visioil 
livfii,  and  com-  or  of  touch,  as  is  observed  when  it  enters  a  product  of  com* 
'~'*^-  bustion. 

The  effect  of  galvanism  varies  with  different  infiamxnaUe 
substances  according  to  the  intensity  of  beat  which  ia  pe- 
crssary  for  their  combustion;  phos;  horiis^  hydrogen^  Cff- 
bon,  and  sniphur,  inflame  at  low  tempetatures,  and  therefoie 
•re  immediatf^ly  set  on  fire ;  but  the  metals  which  I  consider 
as  inflammable  substances,  are  more  difficaltly  ignited,  anS 
are  c.ipnblc  of  retaining  a  considerable  quantity  of  the  dec- 
trie  fluid  witho  t  undergoing  change;  but  even  these  ayciB« 
iliimed  by  a  pov^erful  instrument. 

In  treating  of  combinations  of  oxigen  with  other  sab- 
stances  much  iimbiguity  has  arisen  among  chemists ;  for  no 
one  can  suppo<:e  that  the  oxigen  which  is  contained  in  tbr 
products  of  cr>:>. bustion  is  the  same  as  oxigen  gas»  which  is 
a  suppmer  of  combustion.  An  iilgenious  phi1oso|'.her  of 
luly  *  ol;-;cr\  ing  th:s  circumstance,  has  endeavoured  to  re- 
UK'dy  it  by  su))])()sing  oxigen  able  to  combine  with  sub- 
slanc  s  retaining  its  heat,  as  in  nitric  and  oxi-muriatic  acicb; 
and  in  icS  simple  state  as  in  the  sulphuric  and  carbonic  acids, 
but  ns  he  supposed  that  heat  and  a  base  were  the  component 
parts  of  oxigen  gas,  he  called  it  th*Tmoxigen,  as  retaining  iti 
heat  5  but,  as  I  have  differed  from  him  in  supposing  it  A 
com[;ound  of  light  and  a  base,  I  may  call  it  photoxigen. 

It  is  a  question  which,  1  must  confess,  I  am  unable  to  rc- 
soivc,  whether  the  matter  of  light  can  exist  in  substances 
without  the  presence  of  oxigen  ?  But  thus  far  may  be  said, 
that  oxigen  and  li'^^ht  are  capable  of  combining  with  oilier 
substance^,  and  thereby  mav  be  in  a  dense  form,  as  is  srca 
in  the  acid  supporters,  nnd  certain  metallic  suj^jortcrs.  Ki- 
t'ic  acid  therefore  we  mny  state  as  a  combination  of  oxigen, 
light,  and  another  substance  called  azote,  which  Las  hitherto 
been  called  an  element ;  but  whether  it  is  the-  base  ol  afly 
substance,  or  can  be  united  with  the  matters  of  heat  and 
light,  I  am  unable  to  dcterminr.  It  has  lo:.g  I  cen  known 
that  the  component  pnrts  of  nitric  acid  were  t!ic  snme  as  that 
of  atmospheric  air,  but  that  the  proportions  of  diflcrent  sub- 
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■tances  varied.   I  am  induced  to  4hiAk  that  the  change  con-  SNuerution  ot 
iiux%  principally  in  this,  that  nitric  acid  contains  a  laiger  por-  **|^*^b^' 
fion  of  condensed  light  than  atmospheric  air,  which  niay  he  light,  and  cum- 
•upported  from  an  cdd  and  *  celebrated  ex]/eriment,  vhich  has  ^ww^^«*-  . 
been  often  repeated,  and  with  the  same  result.    A  quantity 
of  atmospheric  air  was  inclosed  iu  a  proper  vessel,  and  fre- 
quent  electric  sparks  w^re  passed  through  it,  till  at  length 
its  balk  diminished,  and  it  had  lost  its  properties.  Laving 
ibanifestly  become  nitric  acid.    But  the  most  remarkable 
part  of  the  experiment  is  the  appearance  of  the  electric  mat>-     \ 
ter  which  acts  upon  it :  as  I  stated  before,  electricity  is  a 
iCompnund  of  heat  and  light  -,  but  there  are  certain  substance^ 
which  can  only  unite  w}th  one  of  these,  which  is  the  c  isc 
^'ith  the  ex))eriment  now  spoken  of  >  the  light  is  absorbed 
by  the  mixtune,  and  the  heat  evolved,  for  no  sparks  are  per- 
iceivcd)  but  a  considerable  quantity  of  heat  is  evolved  in  a  sen- 
sible form .    Many  raay  suppose  that  this  heat  escapes  from 
the  condensation  which  occurs,  and  that  the  capacity  of  th^ 
subsiances  are  changed.    One  of  these  opinions  appears  as 
likely  as  the  other ;  and  I  think  mine  is  the  more  preferable^ 
/or   the  condensation  of  gases  does  not  necessarily  evolre 
heat,  as  we  ob^rve  on  presenting  gaseous  muriatic  acid  and 
ammonia  to  each  otlter. 

As  axote  is  called  a  simple  elementary  substance  which 
is  uninflammable,  so  we  haye  another  which  has  the 
same  title  apd  property  of  incombustibility,  videlicet,  the 
inuriatic  acid;  ai:.d  thi^,  like  a.m).^p!:ei:c  uir,  appear:>  to 
he  capable  of  uniting  with  tlie  matter  (f  light,  and  thereby 
becoming  a  supporter  of  combustion.  The  real  combtna.* 
tion  of  this  acid  has  not  been  btated,  th  ugh  I  have  no 
doubt  that  the  experiments  which  have  been  ii.ade,  in  Ilalt f 
have  great  Wright  in  leading  us  to  believe  that  it  i>  a  c;  mbi- 
nation  of  oxigen  and  hydrogen^  and  may  be  ^up^^osed  a  pro^ 
ducc  of  combustion.  Besides  the  supporters  of  combustion 
we  have  already  mentioned,  there  appear  to  be  others 
ivhich  descn'e  that  nauiC,  which  are  ceituin  n.etallic  oxides, 
especially  the  black  oxide  of  mdngancse,  and  the  red  oxide 
«i  lead. 

*  Cavpndish.  t  Pacdiiani. 
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DtaMrtatkMi  M  Ifefdft  gcHllg  firth^r,  it  may  be  nrce^Sf f]r  to  giim  soiae  n^ 
^iLts  ofhMt^  «mplcf  of  the  changes  which  galvanic  inflnedce  pio-)iMXi-oa 
«i|ilie,«ideon>  substances,  the  nature  of  n-hich,  uith  rrs;  ect  to  con-ibiiltfaai 
"**^^"**  are  very -different.  These  substances  hiay  be  arrange  d  under 

four  heads^siipforterB  of  combustion.  prcducts»  inflamnubit 
substances,  and  detonating  or  deflagrating  substances.  Oi:e  es« 
amp)e,with  regard  to  a  supporter  of  combu8tion>  I  have  given  in 
treating  of  the  conversion  of  atmo8]'heric  air  into  oitric  acid. 
It  now  remains  therefore  to  make  some  remarks  on  mu;iatie 
udd.  I  do  not  know  \vhetl|er  the  same  experiment  haabeen 
tnade'on  this  substance  as  on  atmospheric  air«  but^I  am  in- 
duced to  think  that  a  similar  change  \vould  be  obsem4 
scificft,  that  on  passing  the  electric  fluid  throagh  it«  Ugbt 
\i^6uidbe  absorbed,  and  heat  evolved,  th  -  acid  thereby  beopm- 
ing  a  supporter,  or  what  is  commonly  called  oxigenated  mu- 
^atic  acid.  I  leave  this  to  future  experimenters  to  determine. 
It  appears  t6  me,  that  oximuriaiic  acid  is  always  obtained  bf 
%  process  analogous  to  that  of  passing  electricity  thna^k 
Vfturiatic  acid ;  a  quantity  of  a  substance  containing  light  ia 
■k  dense  state  is  presented  to  it,  and  unites  with  it  in  [.reciselj 
the  bsme  man^r  as  electrical  light  would.  Black  oxide  of 
•ttangan-se*  a  supporter  of  combustion,  a  combinaticii  d 
ligh<>  oxigen,  and  the  base  of  an  inflammable  substance  or  s 
metal,  is  iiresented  to  the  muriatic  acid,  consisting  of  the 
bases  of  oxigen  and  hydrogen  ^ases,  and  which,  at  the  same 
time,  is  capable  of  absorbing  and  riftaining  the  matter  of 
light,  which  it,  in  effect,  receives  from  ibe  black  oxide,  and 
thereby  becomes  a  supporter.  In  this  instance  we  manifiestly 
have  a  translation  of  that  substance,  on  which  combustibility 
depends,  passing  fix)m  the  oxide  to  the  muriatic  acid,  to  that 
Mrhat  was  before  an  incombustible  becomes  a  supporter,  and 
that  which  was  foritierly  a  supporter  becomes  an  incombusti* 
'blc.  What  name  can  wc  give  to  this  chemical  action  f  hit 
semi -combustion  ?  the  heat  only  escapes  !  In  all  real  cases  ef 
CombustiYm  light  accompanies  it,  in  this  it  is  retained. 

The  most  commtm  supporter  of  combustion  is  oxigen  gas,  a 
^rtfebimaiiort  of  oxigen  and  light :  other  supporters  are  teroatj' 
compounds;  oxigen,  azote,  and  light,  in  the  nitric  acid,  and 
oxi;Ten,  the  base  of  an  infiammable»  and  light,  in  the  oximu- 
fiatic  acid  ;  the  metallic  supporters  arc  combinations  of  light, 

oxigen, 


0xij*en/  and  ft  metEl*  Products  of  combuttion  are  all  cembi*  Dhmyttoa  on 
nations  of  the  bases  of  oxigen  gas,  and  an  inflammable  sub-  ^^j^  ^f  f^^^ 
stance.  Hence,  as  they  are  bereft  of  that  light  and  heatUxH^tid 
which  they  possessed  befoire  combustion,  it  is  necessaiy  to  *"*"'*^ 
afford  light  and  heat  to  them  to  obtain  a  decomposition,  and 
ibis  decompositioo  is  eift^rtiially  obtained  by  offering  ekctrio 
matter  to  them,  as  i/  is  that  form  of  li^t  and -heat  with 
vrliich  th6y  can  combine.  One  example  of  this  decomposition 
bas  been  mentioned  in  a  former  part  of  this  paper,  in  which 
it  was  shown  that  water  is  cpnverttble  into  its  primitive  gases ; 
wc  shall  take  another  instance  of  a  different  substance,  namely, 
sulphuric  acid,  which  is  a  product  of  combustion,  and  pos- 
ai*risos  most  active  properties.  On  introducing  the  wii-es  of  the 
|alvan1c  pile  into  a  ^^essel  containing  this  acid,  it  is  sooh  de- 
composed, as  is  the  c&se  with  water,  oxigen  gas  appearing  at 
one  extremity  and  inflammable  sulphur  at  the  other,  and  at 
the  same  time  wo  obscr^*e  little  or  no  changes  of  temperature, 
i|s  is  the  case  with  u'ater,  for  it  absorbs  both  principles  of  the 
electricity. 

The  third  set  of  substances  on  which  the  influence  of  gal- 
vanism has  been  tried,  are  inflammables;  these  are  all  com* 
pounds  of  heat  and  a  base,  but  they  differ  in  this,  that  their 
principles  vaiy  very  much  in  the  degree  of  cohesion  which 
exists  between  them,  some  are  separated  by  a  Utile  increase  of 
temperature,  others  scarcely  at  all  by  the  highest  tempera* 
ture  which  we  can  apply ;  but  lo  proikice  this  decomposition  H 
is  always  necessary  that  a  substance  should  be  in  contact  with 
them,  which  contains  the  matter  of  light  as  a  component  part ; 
and  this,  in  most  rases,  is  oxigen  gas.     As  ^n  instance  of  the 
influence  of  galvanism  on  this  >et  of  substances,  we  ttJiy  men* 
tion  charcoal,  whkrh  is  Joan  ignited,  by  which  it  parts  with 
the  heat  which  it  contained,  and  absorbs  a  principle  from  thb 
air  called  oxigen,  which  at  the  same  rime  drives  out  light, 
"which  ust|^lly  exists  in  compo«fian  with  it,  in  its  Hprial  fomi* 
To  mention  another  instance,  we  may  tnkc  a  subject  mr»rb 
difficultly  Inflamed,  viz.  iron ;  this,  on  beini;  presented  to  the 
influence,  if  it  be  in  any  considerable  quantity,  i«  only  ren- 
dered red  hot,  but  by  being  in  the  form  of  small  wire  it  burns 
with  very  brilliant  sparks  and  great  heat ;  the  product  which 
is  obtained  from  It  is  an  oxide  of  iron. 

The 
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DintrtattOB  «b     TJi^  next  mi  of  sabstancet  which  wc  may  notice,  is  whal 

«fi0cto  of  htat,  ^'"^^  ^^^  called  deflagrating  or  detonating  tubstancos^  theaft 

Qsi|(»andcoai«  are  necessarily  quaternary,  many  of  them  quinary  eorapouods, 

and  contain  the  four  substances  necessary  for  combustion,  anA 

are  hence  inflammable  in  close  vcitfiels,  without  being  in  con- 

• 

tact  w(th  oxigen  gas,  they  contain  a  supporter  and  an  inlhunr 
tnable,  or,  as  we  may  otherwise  speak,  oxigen,  light,  the  base 
of  an  inflammable,  and  heat.  A  mixture  of  oxigen  and  by* 
drogen  is  an  example  of  this  kind,  and  so  is  gunpowder,  the 
ammoniureta  aigenti,  and  auri,  and  other  fulminating  com* 
positions.  These  imroediati'ly  explode  on  tlic  approach  of  the 
electric  fluid,  and  two  of  their  componeiu  parts  escape,  vo. 
tlic  light  and  heat.  One  farther  instance  I  bhall  mention  of 
the  action  of  a  sup])ortor  of  combustion  on  on  inAamroable 
substance.  Oxiniuriatic  acid  being  mixed  with  ammonia, 
both,  in  their  gaseous  forms,  have  a  ixinarkahle  action  on  each 
other.  The  first  is  a  compound  cf  hydrogen,  oxigen,  and 
Jight;  the  latter  of  liydrogon,  azote,  and  heat.  In  this  case 
an  attraction  exists  t)et\vei*n  tlic  bases  of  the  combiistiblei^ 
.which  form  the  muriatic  acid  and  the  ammonia,  the  heat  and 
'  light  escaping,  as  well  as  the  azote,  which  is  set  free.     Fk-om 

this  experiment  it  may  not  apprar  strange  that  muriatic  acid 
has  been  detected  in  passina  galvanism  through  water* 

We  have  now  given  our  upinion  with  respect  to  the  nature 
of  the  electric  and  galvanic  fluids,  and  endeavoured  to  prove 
the  truth  of  it  from  certain  efi'etts,  which  it  produces  oa 
difierent  substances ;  from  hence  it  may  appear  that  ic  is 
entirely  dependant  on  chemical  changes,  and  upon  the  actioa 
which  different  bodies  have  on  each  other.  It  appears  to 
me,  to  be  nothing  more  than  an  action  of  a  supporter  of 
combustion  on  a  combustible  body ;  fur  we  fir^d  that  in 
every  galvanic  apparatus  there  is  an  ox  id  able  metal,  a  sub- 
stance capable  of  oxidating  it,  and  what  may  be  called  a  con- 
ductor, which  has  the  power  of  conveying  off  the  electric  mat- 
ter produced  by  this  chemical  action,  and  it  remains  for  future 
experiments  to  prove  that  every  such  clieaiical  action  really 
does  produce  electric  matter,  which  if  performed  in  proper 
apparatus  might  be  as  evident  as  that  from  the  trough  or 
pile. 

From 
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From  tlicse  tranu^nt  remarks  it  may  appear  evident  to  any  Dimrtation  oa 
wat  employed  in  galvanic  research,  what  is  the  true  action  ^^2fc^o?liJ«f 
[hb  wonderful  chemical  agent :  its  nature  also  I  hope  has  Ifffat,  end 
been  somewhat  elucidated.  And  as  a  path  has  been  shown  ^'^^''* 
to  lead  on  persons  labouring  in  the  ield,  they  will  be  more 
sure  of  employing  themselves  to  advantage,  whence  they  may 
ha«e  a  prubable  supposition  of  uhat  will  be  the  lesult  of 
their  experiments.  If  the  influence  be  applied  to  an  inflans- 
nabie  substance,  inflammation  will  ensue,  if  to  a  product 
of  combustion,  it  will  be  resolved  into  oxigen  gas  and  an 
imflammable  mutter.  If  to  a  subbtance  capable  of  beconi* 
ing  a  supporter,  it  wiH  absorb  light  and  give  out  heat. 

It  if  a  question,  and  I  cannot  say  whether  it  luis  been 
solred,  whether  the  condensed  matter  of  light  can  exist  ex- 
cept witli  a  necessary  quantity  of  oxigen  to  retain  it ;  or  whe- 
ther it  can  be  present  in  any  substance  which  docs  not  con- 
tain oxigen  ?  I  believe  that  nothing  has  been  found  as  sup- 
|iorter  of  combustion  unless  it  contains  oxigen  gas  as  the 
nitric  and  oxi- muriatic  acids.  Would  it  be  passible  lo 
form  an  oxi-sulphuric  acid,  or  an  oxi-nitric  acid,  by  help  of 
the  galvanic  apparatus  ?  Those  salts,  which  contain  the  nitric 
or  oxi-muriatic  acids,  have  been  called  detonating  salts,  per- 
haps inoproperly,  for  but  few  of  them  detonate  without  the  ad- 
dition of  an  inflammable.  The  nitrous  ammonia  is  a  real 
detonating  salt. 

Among  the  discoveries  by  the  galvanic  instruments,  I 
believe  nu  one  has  decomposed  the  carbonic  acid  or  the  phos- 
phoric acid  :  by  proper  management  it  may  be  done,  and  «ith 
regard  to  the  first,  some  very  curious  appearances  may  be 
obser^t^d.  Carbonic  acid  and  water  are  products  of  combus- 
tion, but  if  they  are  combined  uith  that  substance  on  vihich 
the  inflammability  of  bodies  di*pend,  rhey  become  ardent  spirit 
or  oil.  There  apj^ears  a  gradation  of  changes  between  gluten 
farina,  saccbarum,  alkohol,  and  oleum.  Any  of  these  give  :» 
product  of  water  and  carbonic  acid. 

It  may  now  be  proper  to  notice  the  objections  which  have 
been  made  to  the  opinion,  that  light  is  afTorded  by  oxigen,  an>i 
faeat  by  the  inflammable  body  during  the  proces^s  of  combus- 
tion.    '1  he  much  lamented  French  chemist  who  was  the  inven- 
tor 


mpritiliMi  <B  lor  of  tbe  (^fesent  lbcoiy«  vaf  nuich  ioclinefl  lo  the  ^pinioir 
**(  htiit  ""^  iif^twas  Rf&rdcd  by  *  oxis^n  gaff  ;  but  he  flppcms  tp 


jkhCy  and  ••»*  j^gife  tupfMKcd  that  the  hent  had  al«o  the  «ame  orijyn.  A  v|^ry 
oebbrated  chemist  of  Italy  f  also  has  pttllisbcii  the  $aina 
opinion.  Sncccedini^  clieinists,  however,  have  been  led  *l» 
'foppoie,  that  the  light  was  afforded  by  one  of  the  substancas 
neCMiary  for  combiution,  and  heat  by  the  other,  aiid  fpr  eer« 
^■iii  reasons  they  have  altributed  the  heat  to  tlie  oxigen,  and 
the  light  to  the  inflanimable.  These  rcas^  r)s  thcrofore,  it  bo* 
fcoves  us  to  scrutinize  and  try  the  weight  they  have  in  this  af- 


Primo. — Bodies  in  the  aeriform  state  contain  in  equal 
ightt  at  the  same  temperure  much  more  caloric  than 
Avidsor  solida  do.  This  assertion  is  true  in  one  sense;  a 
fotod  of  steam  at  919?  contains  much  more  latent  csloric 
Aan  «  pound  of  water  at  212^  in  the  san^  maimer  m  a 
fonnd  of  water  at  3*i9  does  than  as  much  ice  at  the  same  xeia- 
perature.  But  this  rule  dors  not  hold  with  aubstances  of 
difisreut  maiures^  ollierwiso  a  gaseous  substance  could  not  be 
abiorbed  by  a  fluid  or  solid  without  a  groat  increase  of  tempe- 
ntore.  But  if  we  add  a  very  6t:i alt  quantity  of  water  to  .a 
large  portion  of  ammonical  ga;^,  the  ammonia  is  immediately 
abaofbed,  but  the  sensrble  heat  is  but  litlk;  increased  ;  or  if  we 
-aitx  muriatic  acid  gas  with  ammoniacal  gas,  a  solid  substance 
is  immediately  formed,  with  but  little  increased  temperature. 
Tbd  same  also  is  observable  on  the  mixing  of  carbonic  acid  gas 
and  ammoniacal  gas,  the  heat  in  these  cases  can  entirely  be 
accounted  for  from  the  different  capacities  which  those  bodies 
iiavefor  caloric. 

Hence  I  think  we  may  lay  aside  the  opinion,  that  the  con- 
densation of  an  aereal  substance  is  tlie  caube  of  the  evolution 
of  heat,  lor  it  this  were  the  case,  a  suhhtance  receiving  gas- 
eous ibrm  would  always  produce  a  decrease  of  toirpcrature; 
but  we  do  not  find  that  the  case,  when  carbonic  acid  g:is  is 
evolved  from  lime,  or  when  a  large  quantity  of  gas  escajxjs  in 
the  deflagration  of  gun^powdcr  or  other  subbtuncxib  of  tie 
tame  nature. 

*  lavoisier,    Foura-oy.  f  Professor  Brugnatcili. 

Sccuttdo. 
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Secundo. — If  the  light  were  afforded  by  the  oxigen  ga»  we  BluniatLii^ii 
should  have  most  when  the  greaXost  quantity  of  oxk^  disop-  eflW^^u^MiMt^ 
pears ; .  but  the  light  is  greater  in  the  combuUion  of  phosphorus,  Hf  bt  nod  com- 
than  in  that  of  charcoal,  and  still  greater  than  in  the  com  bus*  ^^^"^r         j 
lion  of  hydrogen  gas ;  but  more  oxigen  gas  disappears  in  the 
combustion  of  the  hydrogen  gas  than  in  the  other  two.     W^ 
have  no  accurate  photometer  by  which  we  can  measure  the 
intensity  of  light,  and  even  granting  that  1000  times  as  much 
Ugh t  appeared  in  the  combustion  of  phosphorus  as  in  that  of 
hydrogen  gas«  no  one  can  affirm  that  the  light  on  inflammation 
does  not   bear  a   ratio  with  the   intensity  of  heat,  and.  we 
£nd  that  the  boat  evolved  in  the  inflammation  of  hydrogei^ 
gas  is  but  small  when  compared  to    that  of  phosphorus  or 
charcoal.      Light  does   not  appear  from    the  extremities  of 
the  galvanic   pile,  unless    they  be  connected,  and  the   hea( 
and  light  conjoined.     Hence  we  find  the  greater  is  the  in- 
tensity of  the  heat  in  combustion,  so    also  the  light  is  iu« 
creased  in  the  same  proportion.  . 

•    Tertio, — By  the  combustion  of  hydrogen  gas  and  oxigon  gaa 

• 

from  the  new  invented  blow-pipe,  we  obtain  a  more  intensa 
heat  than  could  have  been  done  bcfon?,  except  by  n^irrori 
orlen^ss,  but  wc  ol)^r\'.e  but  little  light  in  this  case.  Tlui 
heat  produced  frou)  this  blow  .pipe  is  by  no  means  so  in* 
tense  as  many  have  supposed.  Its  cflfect  are  tried  upon  i^*. 
flammable  substances,  iron,  copper,  and  which  are  ihem^ 
selves  combinations  of  con$iiU:ii*d  heat ;  in  these  cases  there|'or<(f 
we  ba^^  M)^  hi*7i\.  of  the  hydrogen  !;as,  and  that  of  the  inHam- 
roable  substance,  acting  together,  and  must  consequetitly  have 
very  great  heat,  i  believe,  that  by  passing  a^tream  ofo.xige^ 
gst  through  the  flume  of  spirit  of  wine  or  oil,  the  heat, 
might  be  as  great  or  greater.  1  have  observed  the  action 
of  the  commtm  blow-pipe  on  a  stick  of  glass,  and  it  ap« 
yeured  nearly  as  great  as  that  of  the  hydrogen  and  oxigen 
gis  Uow*pipe  :  quite  so  great  for  the  reasoi^s  before  mention- 
ed, it  could  not  be. 

'  These,  I  believe,  are  the  three  principal  objections  which 
have  been  stated  against  the  doctrine  which  it  is  here  at* 
t.'nipted  to  support.  It  would  take  up  too  long  a  time  to  men- 
i\i'i\  all  which  are  to  be  met  with  in  authors. 

Vol.  XIV.— Jwxk,  1806\  A  a  With 
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DiveftatioD  cm     With  regard  to  the  objections  which  may  ftait  agunt  nj 
'effects  of  lieA^,  opinion  of  the  electric  fluid,  two  at  least  have  occiimd  :  die 
If; ht  and  con-  first  is,  that  if  the  galvanic  influence  were  nothing  more  thaa 
the  combined  matters  of  best  and  light,  eveiy  caae  of  co«« 
bustion  would  be  an  electrical  experiment.     To  thb  I  mav 
answer,  that  from  substances  in  combustion  the  light  and  heal 
go  off  in  the  sensible  form ;  but  it  i^  very  diflisrent  in  the  gal* 
vanic  light  and  heat,  the  essence  of  it  consists  in  this,  that  it 
is  not  in  its  sensible  form  ;  as  socn  as  it  aflects  the  eye,  or  the 
thermometer,  it  is  no  more  electric  matter,  but  common  light 
and  heat ;  by  how  much  light  and  heat  is  given  oat  from  an 
electrified  substance,    by  so  much  is   that   electric  matter 
diminished  in  quantity.     Galvanism  is  produced  by  an  actioa 
very  similar  to  combustion  ;  a  substance  is  oxidated  as  is  the 
case  with  combustion,  but  the  heat  being  insuflficient,  and  die 
substance  present   varying  somewhat   from  those  producing 
real  combustion,  heat  and  light  are  given  out  in  that  peculiariy 
subtile  form  which  characterizes  the  electric  fluid.     A  sap* 
porter  of  combustion  in  both  cases  acts  on  a  combustible 
substance,  the  former  of  which  in  both  cases  gives  out  li^t, 
and  the  latter  heat,  and  these  moving  in  different  direction! 
throu!;h  the  apparatus,  at  the  place  of  contact,  appear  in  the 
form  of  sparks. —  Hence  it  may  appear  that  galvanic  troughs 
may  be  much  improved,  for  the  action  appears  to  be  propor- 
tionately great,  according  to  the  surface  of  the  oxidabJe  metd 
which  is  presented  to  the  oxidizer. 

J.  ARNOLD. 

JdayMh,  1806. 
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r 
.    On  tie  Sugar  of  Grapes.    Bj/  ProfesjIor  Proust.* 

Aigaref  XVLY  assistant,  after  several  days  occupation  in  drying  grape 

9^^^P^  sugar  which  had  teen  drained  of  its  melasses,  has  succeeded 

*  Joarnal  de  Physique,  Izi.  p.  399. 

la 
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In  rendering  it  as  perfectly  white  as  that  of  my  former  experi*  Sagsrc^ 
ments.  I  have  remarked,  that  the  sugar  which  forms  granular '^^^^^ 
crystab  is  easy  to  be  divided,  and  yields  readily  to  theoperation 
o(  claying :  but  it  is  not  so  with  what  remains  thin,  fat,  likA 
honey,  and  consequently  imperfectly  freed  from  its  syrup ;  the 
humidity  of  the  argil  penetrates  it  too  slowly,  and  it  dissolves 
and  carries  away  too  much  sugar.  All  the  efforts  of  the 
sugar-baker  should  therefore,  in  my  opinion,  be  d'rected  to- 
wards obtaining  the  crystallization  in  the  most  granulated 
state  possible ;  and  I  .am  encuuraged  to  hope  that  the  diffi* 
culties  which  may  appear  in  the  way  of  our  object  will  be 
surmounted,  as  grape  sugar  cr)'sta]lizes  considerably  quicker 
than  that  made  from  cane :  The  candy  which  we  see  so  fre* 
qucntly  on  sweetmeats  of  every  kind  affords  a  daily  proof  of 
this.  All  that  I  have  examiiH.*d  for  several  years  past  in  the 
confectionary  of  my  own  house,  was  a  sugar  perfectly  analo* 
gout* to  that  from  grapes,  without  admixture  of  that  from 
cane.     The  latter  is  therefore  much  less  crystaliizabie. 

Grape  sugar  is  not  so  white,  I  must  repeat  it,  as  that  from 
cane ;  but  its  flavour  is  full,  pure,  and  without  the  leas( 
remains  of  a  vegetable  taste  or  smell. 


-•      T 
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SCIENTIFIC  NEWS. 

Magnetical  Telescope. 

iWl  R.  Edward  Troughton  has  con^ructed  a  new  telescope  for  Mr.  Titmgh^ 
determining  the  magnetical  meridian.     It  consits  of  a  tube  of^^^'Jj^ugfjJJ 
s^eel,  containing  a  set  of  lenses  with  cross  wires  or  spiders  the  form  of  a 
weebs,  in  the  usual  manner.     It  will  easily  be  understood  that  l^^^lwco^ 
an  instrument  of  this  kind,  after  receiving  the  magnetic  power, 
may  traverse  upon  pivots  or  by  any  other  similar  mod€  of  sus-^ 
pension,  and  will  dispose  itself  in  the  magnetic  meridian.     On6 
of  the  dithculties  attending  the  magnetic  bar  of  the  usual  form 
is,  that  its  line  of  direction  may  not  be  parallel  to  its  side ; 
and  it  is  not  easy  to  determine  the  quantity  of  error,  by  re- 

A  a  2  Ternng 
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^ulUlS^  I'Wtirti!,  tjecaitse  this  last  operation  is,  in  most  case%  ifnpnf« 
ticable.  Mr.  Trough  ton's  magnetic  telescope  may  be  furtied 
Toimd  in  its  support  like  that  of  the  levelling  inbtrumeitt ;  and 
k  will  determine  the  magnetic  meridian,  whenever  any  due  and 
the  same  distant  object  is  seen,  upon  the  cen.tre  of  the  cum 
wirei  after  the  teleso^peha^  been  turned  half  round  on  Its  kxis»  m 
in  its  former  state.  By  this  contrivance  the  d?urf)al  -arid  tbe 
btber  variations,  to  which  the  magnetic  bar  is  subject,  may  b^ 
feastly  observed,  and  it  may  even  be  ascertained  whether  tb€ 
direction  of  the  magnetic  force  varies  with  regard  to  the  axis 
of  the  tube.  As  the  present  notice  is  intended  to  be  short,  and 
iu  I  hope  for  farther  communication  from  the  inventor,  I  for- 
bear  to  enter  upon  obsen'ations  respecting  the  kind  of  instru- 
ment to  which  this  telescope  may  be  attached.  It  is  evident 
that  observations  for  the  dip  and  variation  may  easily  be  made 
by  reference  to  ilie  plumb  line,  and  to  the  heavenly  bodies. 

Mr.  Trough  ton  is  already  engaged  in  tlie  executing  orden 
received  for  this  instrument,  as  well  from  scientific  men  of  this 
kingdom,  as  from  those  on  the  Continent.  The  learned  reader 
will  recollect  several  instances,  in  which  the  eyc-peicc  of  a 
telescope,  applied  to  its  focal  image,  has,  with  great  conveni- 
ence and  precision,  nflbrded  angular  determinations  which 
could  not  with  the  same  convenience  have  been  obser\ed  in  the 
usual  methods.  The  application  of  a  magnifier  to  the  extre- 
mity of  a  magnetic  needle  is  also  attended  with  difficulties, 
which  Mr.  Troughton's  invention  will  obviate;  at  the  same 
time  that  it  facilitates  and  extends  our  views  of  a  very  curious 
and  useful  natural  power.  Among  those  active  phiiost  phers 
who  do  not  wait  for  the  construction  (»f  inslruments,  or  cannot 
afford  to  make  purchases  for  all  their  several  occasions,  this 
contrivance  will  suggest  experiments,  which  may  Le  tiiadc  by 
tyeing  together  a  telescope  and  a  magnetic  bar,  and  subpendiug 
them  by  a  thread  or  fine  uirc,  for  some  of  the  purposes  of  obser- 
vation which  they  may  Le  disjwsed  lo  make.  Ihis,  though 
a  clumsy  instrument,  will  also  bear  reversing,  and  may  be 
usefully  applied. 


N€W 


Ncxo  Metal  Columhivm 

•  •  •  ■ 

-  The  leaTDed  MilKn,  member  of  the  French  Institute,  in  his  Om  ef  eoluA- 
Magastn  Encydopediae^for  December  last,  pa^  38S,  relates  ^*^' 
the  following  particulars  concerning  the  mineral  to  'which  Mr. 
Hatchett  has  given  so  much  celebrity ;  (see  our  Jownal  XX. 
236).  They  were  communicated  to  him  by  Mr.  Valetatini 
physician  at  Marseillos,  who  is  ^eli  known  as  a  cuUivaU)^  of 
Datural  philosophy  and  history. 

'  The  mineral  examined  by  Mr«  Hatchett  was  found  m  a 
spring  in  the  American  province  of  Massachusetts.  The  spring 
is  in  the  town  of  New  London,  in  the  state  of  Connecticut.  It 
is  near  the  house  whierc  Governor  Winthorp  lived,  at  tlie 
•iistance  of  about  thi-^  miles  from  the  sea  up  the  harhour. 
The  place  was  formerly  called  Nantneague.  Mr.  Francis  B. 
Winlhorp,  of  New  York,  has  obligingly  forwarded  to  the  His- 
torical Society  of  Massachusetts,  the  manuscript  paper  of  his 
ancestor  relative  to  the  place,  and  the  minerals  whiclf  he  pre- 
sented to  Dr.  Hans  Sloanc,  at  London.  It  is  to  be  ho|)ed, 
says  our  author,  that. other  specimens  of  this  mineral  will  be 
obiained. 


Sudden  Eruption  rf  Water  near  Como. 

A  remarkable  phenomenon  has  excited  the  curiosity  of  the  A  new  spring 
inhabitants  of  the  vicinity  of  Como.  In  the  commune  of^'*^*^*^' 
L.aorca,  in  the  territory  QfAUeco,  asul)terraneous  spring  all  at 
once  burbt  forth,  which  immediately  overthrew  two  houses, 
and  in  the  course  of  fifteen  or  twenty  hours  a  forge  which 
stood  in  its  way.  This  spring  is  loaded  with  a  thick  chalky 
matter,  which  mixing  with,  the  water  has  rcjidcred  the  lal^c 
into  which  it  falls  quite  turbid.  M.  La  Carte,  officer  of  enr 
gincers,  who  visited  the  spot,  attributes  the  acciuents. which 
have  happened  to  a  subtermneous  excavation  made  by  the 
water,  and  he  judges  that  the  extent  of  fuithcr  damage  will 
depend  on  the  actual  magnitude  of  the  cavity. 

Pruisitm 
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Prussian  Academy* 

Sittingtof  tli«  The  Royal  Academy  of  Sciencn  at  Berlin,  in  their  public 
^  ^*"  sitting  of  last  Ao|i^st,  jjave  an  account  of  the  compelition  for 

H«ag«»>  the  piws  for  1804.  The  question  relative  to  the  law  of  Marl- 
cKte  not  having  been  satiniactorily  resolved,  was  deferred  td 
thb  pment  May.  The  same  measure  was  adopted  with  re^rd 
to  Jhetr  question  concerning  the  structure  of  the  lungs.  The 
third  question  on  the  inflammation  of  the  spleen  was  resolved 
in  three  memoirs :  The  prize  of  6fty  ducats  .was  adjudged  t» 
Mr.  Klausch,  physician  at  Militsch  in  Silesia. 

Seven  memoirs  were  received  on  the  philosophical  questioo 
concerning  analysis  and  the  analytical  method.  That  of  Mr. 
Francke,  rector  of  Husum,  obtained  the  prize.  The  question 
bj.  an  anonymous  proposer  of  last  year,  **  JV/tj^  civUizatim 
groceeded from  the  East"  produced  several  memoirs ;  but  the 
daciaton  of  the  academy  is  deferred  till  they  shall  have  been 
examined. 

The  class  of  philosophy  has  proposed  for  the  3'ear  ]  807f  the 
following  subject  for  a  prise  : 

^*  Docs  iherc  exist  an  immediate  interna]  perception,  and  in 
what  re^ct  does  it  <Uficr  from  intuition  and  the  simple  abstract 
tion  by  the  rules  of  thinking  and  perceiving. 

*^  In  what  respect  do  intuitions  ditifcr  from  sensations  and  th^ 
intimate  sense. 

*^  In  what  relation  do  these  actions  and  situations  of  the  in« 
tellect  stand  with  regard  to  conceptions  ami  ideas.'' 


Foland 

In  die  month  of  June  last,  the  class  of  Phjsical  Sciences  of 
^'***  the  University  and  Imperial  Academy  of  Vilna,  proposed  the 

following  prizes :  ' 

"  Besides  the  diabetes  mcUitus  of  medical  writers,  are  there 
other  maladies  peculiar  to  man,  which  from  decided  experi- 
ments are  known  to  produce  in  different  oi^ans  a  secretion  si- 
milar to  that  of  saccharine  matter,  and  in  abundahc«  suffi- 
cient to  occasion  consumption  by  its  loss  ?  and  what  are  these 
disorders  V 

The  prize  is  \00  gold  ducats  of  Holland ;  and  the  concur- 
rence is  open  till  the  tot  of  September  1806. 

Second 
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Second  prize.  *'  What  are  the  true  characters  and  principal  Prizeqocg- 
causes  of  that  disorder  which,  though  not  confined  to  Poland,  ^^^^' 
h  nevertheless  called  Plica  Polonica  f   Are  there  any  methods 
•f  cunng  it  with  more  success  than  by  those  hitherto  knowit 
ttiii  employed  ?  and  what  are  those  methods  }** 

The  prixe  is  100  gold  ducats  of  Holland ;  and  the  concur^ 
TCnee  is  open  till  the  first  of  September  1 807. 

The  third  prize.  **  What  are  the  principal  maladies  of  vq^ 
tables,  and  what  is  the  true  analogy  between  those  and  the 
disorders  of  animals  >*' 

The  prize  is  100  gold  ducats  of  Holland;  and  the  concur- 
rence is  open  till  the  first  of  September  1808. 

The  clats  of  Mathematical  Societies  of  the  same  academj 
proposed  the  following  prize : 

**  Suppose  a  c^al  from  which  flows  per  minute  or  second  a 
quantity  of  water  m.  through  a  transverse  section  of  given 
width  and  dc|>th,  terminated  by  two  sides.  This  being  ad- 
mitted, if  from  one  bank  or  side  to  the  other  there  be  con- 
structed in  the  section  a  dyke  or  obstacle  in  which  an  apertuiB 
of  g^ven  dimensions  be  made  for  the  efflux  of  the  water;  it  is' 
demanded  according  to  what  law,  the  w^^ter  elevated  by  means 
of  the  obstacle,  will  be  forced  to  cnlargeitself,nptonly  near  the 
dyke,  hot  also  in  proceeding  up'  the  canal.  It  is  desired  that 
formuls  may  be  aflforded  sufficiently  general  to  be  applied  to 
the  efiSux,  not  only  of  the  same  quantity  m,  but  also  any 
other  quantity  m+x.  The  theory  and  experiment,  not  being 
exactly  corresponding;  with  each  other,  it  will  be  required  that 
the  necessary  corrections  should  be  made  to  the  formulae,  and 
that  it  be  proved  by  facts  and  observations  how  nearly  they 
approach  the  truth.'* 

The  prize  is  100  gold  ducats  of  Holland  ;  and  the  concar- 
lence  is  open  till  the  first  of  September  \806, 

The  class  of  Moral  and  Political  Sciences  have  proposed  as 
their  first  prize : 

'^  As  we  see  the  mathematical  and  physical  sciences  make 
daily  advances,  and  become  enriched  with  new  discoveries,  it 
is  demanded  :  1st. — Why  the  same  does  not  happen  with  re*- 
g^d  to  the  moral  sciences  f  2d. — Among  the  different  bran- 
ches of  these  sciences,  are  there  not  some  which  are  capable 
ef  greater  perfection  ?  and  what  arc  they  ?  3d. — ^To  what  poh»t 

are 
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Tris^qaet-       4i«  tlity  ty  tlieir  owH  nahire  capable  of  bein||[.adT»iicedt  tM 
tioM.  ^j,j^  jij.^  ^j^  limits  \fhich  appear  to  bound  tbeir  possibk  hn* 

provemenf  ?  4th.— What  are  the  properest  means  for  giving 
this  possible  degree  of  perfection  to  those  parts  of  moral 
,  science  ?   5th. — It  is  more  particularly  desired  that  the  dis^ 

cusaion  of  this  matter  should  be  so  conducted  as  to  present 
results  tending  to  advance  the  theory  of  the  legislation  molt 
cimformable  to  the  nature  of  roan." 

tlie  prize  is  100  gold  ducats  of  Holland ;  and  the  concur- 
rence is  open  till  the  first  of  September  180$. 

The  second  prize.  **  To  determine  by  analytical  inTestigatioD 
of  political  economy  what  are  the  points  in  which  the  lundat 
mental  poj>itions  of  Adam  Smith  and  Dr.  Quesnay  agree,  and 
those  in  which  they  differ  or  arc  even  opposile  to  each  other. 
This  examination  must  necessarily  present  results  useful  to  tbt 
progress  of  the  science  of  political  economj'.'' 

The  piixe  is  100  gold  ducats  of  Holland  ;  and  the  concur- 
rence is  open  till  the  first  of  September  1806. 

The  dissertations  arc  required  to  be  written  in  Latin»  French, 
jor  Polish,  and  the  packet  addresvd  to  the  rector  of  the  Uniter- 
saty   of  Vilna,  to  the  care  of  Mei^srs.  Lay^er  or  Karner,  who 
arc  banlicrs  in  the  same  town,  and  to  whom  the  rector  will  j^tive 
a  receipt.    The  University  does  not  enj^ja^ie  to  return  i'itLer  ttc 
memoirs  cr  drawings  which  shall   be  towarded  in  this  compe- 
tition ;  but  the  authors  may  take  copiers  of  the  sanie  at  any  lime. 
These  works  will  not  be  printed  by  the  University  \«ithout  the 
ihe  formal  coni;eot  of  the  auil.ors ;  but  the  authors  themselves 
are  at  liberty  to  publish  them  in  uhatever  manner  they  please. 
The  prizes  will  be  awarded  belorethenew  year,  that  is  tofay» 
before  the  first  of  January-  1807»for  those  solutions  made  in  the 
first  ve:ir,  and  before  the  Ist  of  January  1808,  for  those  made 
in  the  second  year ;  and  lastly,  before  the  fir^t  rf  January  1809% 
for  those  made  in   the  third  vciir.     The  Hdiuiiications  will  be 
respectively  announced  in  the  public  fjnzettes. 

Each  author  may  in  person  receive  his  pjize  from  the  ad- 
ministrative committee  of  the  Imperial  University  of  Vilna,  o^ 
he  may  employ  a  person  to  whom  he  shall  have  given  his  foil 
procuration.  The  ptrize  will,  according  to  the  election  of  the 
candidate,  consist  either  in  the  sum  of  tuoney  named,  or  a  gold 
nicdal  of  the  same  value. 

The  actual  professors  and  honorary  members  resideot  ia 
Vilna  are  not  admitted  to  this  competition. 
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ARTICLE  r. 

I^iitrfram  a  Corrtipondftit^  enquiring  the  Cause  tchy  a  SweB 
o^  tke  Sea  is  sometimes  observed  to  precede  a  Storm  from 
ike  sdme  quarter.     With  some  observations  hy  the  Editor. 

To  Mr.  NICHOLSON, 


I 


SIR,  Hehtofif  Cornwall^ 

June  4,  1806. 


T  frequently  happens  on  this  coast  that  a  heavy  swell  of  the  ^"  heavy  twell 
sea  arrives  from  the  westward,  without  any  perceptible  cause,  the  Carniih 
which  is  followed  by  a  gale  of  wind  or  storm  from  the  same  «>■■*,  which  is 
quarter  many  hours  afterwards.     I  have  observed  the  same  fact  itonn. 
•n  other  coasts;  an<l  I  believe  the  phenomenon  is  very  general- 
ly known  and  admitted.     It  is  not  difficult  to  form  a  notion, 
that  mn  expanded  surface  of  water,  undulating  in  a  certain  di- 
rection, may  communicate  a  progressive  motion  to  the  air 
iribove  it ;  but  in  all  the  theories  relating  to  winds  and  waves, 
it  has  constantly,  as  far  as  my  knowledge  extends,  been  assert- 
ed that  the  waves  are  caused  by  the  winds,  and  nut  the  winds 
by  the  waves.     We  are  also  told  by  writers  on  meteorology. 

Vol.  XIV^— July,  1806.  B  b  that 
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that  a  gentle  breeze  passes  at  the  rate  of  about  fiAieOB^  miles  atf 

hour;   and  that  the  velocity,  if  progressively  aogmeated  t& 

sixty  miles  an  liuur,  will  produce  a  violent  htorni,  of  force  suf« 

Question:  ficient  to  overthrow  trees  and  hoQscs.     Now  the  velocity  of  the 

not  caaZsd  by*  *^®^^  ^^  ^'^^  ^^  '*  ^?  ^^  ^^^"^  ^^^  in  the  least  likely  to  jho- 
the  swdll,  Imt    duce  any  extreme  pFogressive  motion  in  the  ak^  that  I  realljf 
bow  hp]^^  it  think  it  never  exceeds  eight  or  ten  miles  an  hoUr.     Whatever 
that  tlie  twoll   you  may  think,  Mr.  Nicholson^  of  the  importance  of  tius  phi- 
the  storm  ?        losophical  diHficulty,  I  hope  you  will  have  the  goodnot  to  pro- 
pose it  to  your  numerous  correspondents.     I  hate  oecMlbnaJly 
had  the  pleasure,  in  my  constant  perusal  of  your  Jomnal,  to 
«  remark  that  you  have  yourself  sometimes  given  uwveii  ta 

questions  which  have  been  proposed.     May  I  hope  Chat  yo* 
will  not  think  mine  undeserving  your  consideratioD. 

I  am.  Sir, 

Your  oblige  Feadcr, 


Replif.     W.  N. 
Detcription  of      I  do  not  know  that  an^'  of  our  philosophers  have  express^ 
It's  a  sudde^ '  considered  the  appearances  which  constitute  what  is  called  a 
and  violent        squaH  at  sea.     A  strong  wind  accompanied  with  nun  comes 
wind  with  rain.  ^^^  almost   instantaneously,   and    the  impulse  of  thu  wind 
is  suflicient  to  carry  awuy  a  ship's  topmasts   and  even  to  do 
more  material  damage,  if  navigators  were  not  [to  hold  them- 
selves in  readiness  to  lower  their  sails  as  soon  as  the  first  im- 
pression takes  place.     The  squall  is  more  common  iu  low  lati- 
tudes than  in  high  latitudes,  where  its  duration  is  likewise  short- 
er.    It  usually  lasts  eight  or  ten  minutes  or  half  an  hour,  and 
when  it  has  ceased  of  passed  to  leeward,  the  ordinary  wind, 
with  which  for  the  most  part  it  coincides  in  direction,  resumes 
its  course. 
'Jhcory  of  Every  theory  of  the  winds  sup))Oses  part  of  the  lo^i'er  air  to 

winds.    Much  ascend,  and  that  its  place  is  supplied  by  an  horizontal  current. 

attention  has  "^  1 1  ^ 

been  paid  to      Very  few  writers  have  supposed  a  descending  current  to  operate 

horizontal  cur-  -^^  ^^  same  way ;  and  seldom  indeed   has  any  attention  been 

rents  of  air,  and  "^  .  "^ 

but  little  to       paid  to  those  direct  or  oblique  ascending  or  descending  winds 

those  streams    ^j^^h  must   be   produced  at  the  places  ivhcre  the  caases  of 

woicn  are  di-  *  * 

rected  upwards  motion  most  powerfully  o{)crate. 

or  downwards.  x  ^m^ml. 
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1  apprehend  the  squall  to  be  occasioned  by  a  wind  which  The  squall  is  a 
blows  immediately  downwards.     If  wc  suppose  a  cloud  to  be  ^j^^j^ 
;suddcn1y  condensed  into  drops  (no  matter  by  what  process  of 
chemistr}%  electricity,  or  other  general  cause,  to  us  but  little 
known),  the  falling  drops  or  masses  of  water  will  occasion  a  « 

uesccnding  current  of  air  by  their  impulse  against  those  portions  —produced  by 
of  the  atm.»sj)here  through  which  they  pass.  This  kind  of  blast  ^ilJi^g^j^  ""^ 
\^ as  formerly  used  in   the  water-blowing  engine,  an  apparatus  It  renemblrs 
which  acted  with  a  force  capable  of  supporting  a  pressure  of  jng  engine  °^' 
about  tiirec  feet  of  water.*     But  the  tropical  rains  frequently 
descend  with  velocities  much  exceeding  any  that  could  be  pro- 
duced by  engines  of  this  kind,  and  their  effects  are  much  more 
striking. 

The  cloud  which  aifords  the  descending  stream  is  seldom  The  cloud, 
stationary,  but  in  general  carried  along  by  tlie  common  wind  ^Jbij,*^  moves 
or  lower  current  of  the  atmosphere ;  and  the  stream  of  dc-  horizontally, 
scending  water  is  certainly  and  in  all  cases  aflfccted  with  t^e  J^,^ ^j^^j^JJ^^^ 
«amc  horizontal  motion.     The  descending  wind,  which  might  impulse  to  the 
Otherwise  have  struck  the  water  pcrpendicuhirly,  is  by  this**** 
cause  made  to  take  an  oblique  direction,  and  runs  rapidly  along 
Oiatfiurface,  diverging  from  its  principal  place  of  descent  in 
all  directions,  but  most  particularly  in  tlic  direction  which  the 
vrind  already  possesses.     We  must  therefore  be  careful  to  dis-  The  velocity  of 
finguisb  two  kinds  of  velocity  belonging  to  the  squall  or  de-  ^^^  ^^  j^,^ 
scending  current;  namely,  first,  the  velocity  of  the  current  clouds  are  dit- 
itsclf,  which  is  greatest  at  the  place  of  descent,  and  diminishes  "*^  ^  ^*^^    * 
in  receding  from  that  place;  and,  secondly,  the  velocity  of  the 
cloud,  or  blowing  apparatus,  which  is  earned  along  by  die  conri- 
mon  horizontal  current  or  prevailing  wind.     The  first  of  these  — ^the  first  pro- 
two  velocities  constitutes,  within  its  limitted  sphere  of  activity,  jto^m,  and  the 
a  storm ;  and  the  other  velocity  mefenres  the  progress  with  second  carries 
which  the  storm  is  horizontally  conveyed  along.  Let  us  suppose  wwls  alongthe 
a  stone  to  be  thrown  into  smooth  water ;  its  action  will  cause  »^'«- 
a  wave  to  be  propagated  horizontally  to  great  distances  around  : 
In  the  same  manner  we  can  conceive  a  wave  or  a  swell  to'  be 
raised  by  the  impulse  of  descending  air,  and  propagated  around^ 
in  all  directions,  though  modified  foy  the  winds  it  may  meet. 
Tliis  swell,  moving  uniformly,  will  not  be  propagated  as  speedi- 
ly as  the  descending  current,  where  this  last  is  most  rapid ;  but 

Lewis,  in  his  Philos.  Commerce  of  .Arts. 

B  b2  at 
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ai  a  certain  distance  from  the  place  of  greatest  storm  the  swell 
will  proceed,  modified  only  by  the  common  wind  which  it 
will  either  outrun,  or  follow,  or  cross,  according  to  circum- 
stances,— nothing  being  more  common  at  sea  than  to  have  the 
wind  in  one  direction  and  the  swell  in  another* 
All  ftorms  are  I  strongly  suspect  that  a  squall  is  a  storm  in  miniature,  or 
probably  dp-     ^y^^  ^^jj  Storms  are  produced  by  descending  streams  from  tho 

rents  of  wind,  upper  part  of  the  atmosphere,  caused,  in  some  instances,  by 
MiSb"**'^*  the  fall  of  great  masses  of  water,  and  in  others  by  chemical  pro- 
cesses, concerning  which  we  scarcely  dare  to  form  a  conjecture. 
Uncommon  The  white  squall,  or  squall  without  rain,  in  the  Chinese  seas; 
•?wTM  **  WWte  ^®  ^yP^on,  or  storm  of  twelve  or  eighteen  hours,  which,  in  the 
aquall;  ty-       same  regions,  comes  on  suddenly,  and  blows  with  extreme  vio- 

offtonet •  ^^" '^'^^*^»  '"  succession  from  almost  every  point  of  the  compas; 
row  kreams  of  the  sudden  condensation  or  production  of  ignited  stones,  ys\uck 
air,  dec.  hsLve  so  often  fallen  with  great  agitation  of  the  atmosphere; 

the  limited  streams  of  air  which  have  been  known  to  rush  acrosi 
the  face  of  a  country,  making  a  narrow  line  of  devastation ; — 
these,  and  many  other  facts  of  whirlwinds,  waterspouts,  ex- 
plosive noises,  and  the  like,  shew  that  the  air  may  be  put  into 
violent  n^otion  by  other  causes  as  well  as  its  change  of  elastici- 
ty from  heat  and  cold,  and  the  mechanical  action  of  descend- 
ing water. 
Concluding  re-  Whatever  great  and  powerful  agent  may  therefore  cause  the 
mark*.  descending  air  to  throw  the  sea  into  a  swell,  it  does  not  neces* 

caused  by'a       sarily  follow  tliat  the  swell  shall  exist  only  in  the  vicinity  of  the 

atorm,  may  be  i,i^t  which  occasioned  it.     The  centre  of  action,  if  it  may  be 

propagated 

with  a  greater    ^  called,  may  either  bo  stationary,  or  it  may  move  along  witl| 

mean  velocity   ^y  determinate  degree  of  velocity.     From  the  nature  of  the 

than  the  storm 

that  causes  it,    c^^i  i^  motion  will  be  such  as  to  follow  or  coincide  with  that 

and  may  there- Qf  ^1,^  gwcU  it  causes.  Whenever  a  heavy  swell  arrives  upoB 
fore  arrnre  on  a  * 

coast  befote  it,  any  coast,  it  will,  according  to  the  doctrine  here  laid  down, 

indicate  that  a  storm  or  long  continued  squall  has  existed,  and 

probably  coAtinues  to  exist,  towards  that  point  of  the  compass 

(rom  which  the  swell  arrives.     If  its  progressive  velocity  an4 

duration  he  sufficient,  the  storm  will  arrive  at  the  coast  sub«e- 

*        .  •         .  •  ■ 

quent  to  the  swell,  unless  its  Arst  generation  or  commencement 
—or  come  after  was  near  the  shore ;  but  we  may  suppose^  and  undoubtedly  it 
.^^I^J™  ***    often  so  happens,  that  the  atmospheric  cause  of  the  swell  may 

have  ceased  long  before  the  swell  jtsclf  h^s  subsided. 

> 

ir. 
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II. 

JEMquires  respect hg  tariow  tubjed^  relating  to  the  Arts.    B^ 
J  u  V  X K 18 .    With  some  remarks  by  W.  N. 

« 

To  IMr.  NICHOLSON, 
SIR, 

X  OUR  kind  attention  to  your  correspondent  R.  B,  vol.  vii, 
7l>  has  induced  me  to  trouble  you  with  the  following  queries, 
not  doubting  but  that  from  you  or  your  learned  correspond 
dents,  I  shall  receive  a  satisfactory  answer  to  them, 

1st.  Is  there  any  method  of  freeing  iron  boilers  from  the  in-  Qn«ry  1.— Re* 

crustation  left  on  them  by  hard  water>  without  subjecting  them  JS^^iiJftioii 
to  a  red  heat.     Copper  vessels,  I  know,  are  readily  so  cleaned,  left  by  water 
but  cast  iron  will  not  stand  that  heat  without  cracking. '  '"P^°  *'*""  ^^' 

2d,  Is  it  possible  to  reduce  printing  ink  to  a  fluid  state,  so  Qiiery  «.— On 
*s  to  take  a  copy  of  a  copper-plate,  or  printed  paper,  similar  ^Qy^^^^j^l^ 
to  the  method  used  in  copying  writing,  and  this  without  the  from  eufrar- 
origina}  receiving  any  other  damage  than  that  of  becomii^ 
fainter,  which  the  loss  of  the  ink  must  inevitably  occasion. 
•   3d.  Is  there  any  method  of  ascertaining  the  degree  of  poro-  Query  3. — Imo 
sity  of  the  metals  of  reflecting  telescopes,  except  by  their  per-  g^ciSumsf 
formance  when  polished  ?     Edwards  says  the  porosity  arises 
from  the  calcination  of  the  tin,  and  I  have  tried  a  number  of 
ways  to  prevent  this,  but  am  at  a  loss  which  to  prefer,  for  want 
of  some  criterion  whereby  to  judge  of  the  degree  of  porosity, 
in  each  separate  metal.     When  the  tin  is  left  long  in  the  Are, 
the  metal  I  know  will  be  bad,  but  \  cannot  (when  well  polish- 
ed)! cv^i^  ^i^h  the  highest  magnifiers,  discover  any  pores  in  it, 
though  I  have  no  doubt  but  the  badness  of  its  performance 
arises  fron[i  that  cause.     But  the  performance  alone   cannot 
certainly-indicate  the  degree  of  porosity,  since  I  find  metals  of 
the  same  composition,  when  ground  and  polished  in  every  re- 
spect the  same,  seldoin  or  never  exactly  agree  in  performance. 

4th.  In  a  late  edition  of  Ferguson's  lectures  by  Brewster,  Query  4.— Sup* 
the  following  rule  is  given  for  making  the  eye-pieces  of  telescopes  P**^  achpo- 
achromatic;.  With  two  ItuseSi  the  focal  length  of  the  first  three  giaM. 

times 
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times  that  of  the  second,  and  their  distance  f  the  focal  leng^ 
of  the  first.  I  must  own  I  do  not  see  the  reason  why  this  cobw 
bination  should  remove  the  chromatic  aberration,  nor  does  the 
author  give  any.  He  hints  also  how  much  superior  such  comfair 
nations  of  lenses  are  for  magnifiers  of  solar  microscopes  ;  if  thtt 
is  the  case,  why  will  not  a  similar  combination  answer  for  the 
object-fglass  of  a  telescope  f 

That  a  combination  of  lenses  may  diminish  or  nearly  remove 
the  error  arising  from  the  spherical  figure,  I  can  eaadly  cop- 
ceive^  but  not  the  chromatic  aberration. 

JUVENIS. 
June2d,lS06. 

The  above  questions  may,  and  to  you  I  dare  Siiy  will,  ip- 
|)ear  trifling  and  frivolous ;  but  you  will  purdou  ihcin  when  yoa 
reflect  how  frequently  some  little  obstacle  starts  u^  to  n-^i  -la 
course  of  the  young  and  ardent  enquirer,  ami  that  unless  a 
kind  friend  remove  it,  seems  an  insurmountable  barrier. 


^gnlar  fact         I  wish  it  were  in  my  power  to  give  full  information  concern- 

ff»poctin?  the  jnj^  jjjg  objects  of  the  present  Icitcr.     What  it  may  be  that  in- 

incrustation  ua,-^  ^  t       ^ 

a  kettle.  crusts  the  surface  of  tea-kettles,  and  is  very  troublesome  m 

steam  engines,  I  do  not  know,  but  suppose  it  to  be  sulphate 
of  lime.  Many  years  ago  I  was  informed,  that  if  an  oyster- 
shell  be  constantly  kept  in  a  tea-kettle  there  will  be  no  incrus- 
tation formed,  except  upon  the  shell.  If  this  be  true,  the  same 
effect  would  be  produced  by  a  loose  piece  of  incrustation,  pro- 
vided it  were  put  in  before  any  deposition  had  began  to  fix  upon 
the  metJil. 
Porosity  of  2.  It  does  npt  seem  probable  that  a  bad  speculum  which 

vpeculum  me-  y^^  jj^  porcs  discernible  by  the  microscope  owes  its  badness  to 
porosity.     When   I  was  formerly  busied  upon  speculums,  it 
was  my  custom  to  grind  off  a  small  portion  of  the  metal  and 
polish  it,  in  order  to  determine  whether  I  should  bestow  aa 
farther  labour  upon  the  piece.     This  polish  was  often,  for  the 
sake  of  expedition,   given  with  a  leather  or  buff  stick  ;  and  it 
29p«<nduni        always  -.happened  that   the  surface  took  a  wavy  appearance ; 
warvifpStflh-''^"  effect  which  did  not  follow  when  pitch  was  used  as  the  po- 
ti  on  leather,  lisher.     I  ascribed  this  irregularity  to  some  parts  bc!ng  soAtf 

tkaa 
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than  others,  an<)  on  that  account  yielding  more  to  the  pressure 

of  the  springy  leather ;  and  the  di£R^rences  of  hardness  seemed 

to  me  to  have  arisen  from  the  nature  of  the  crystallization  in 

cooling.     The  slower  the  cooling  the  larger  will  be  the  crystahi  Cause  of  this 

and  the  coarser  the  grain  upon  fracture.     I  did  not  pursue to««fintbe**^ 

this  object  far;  but  I  found,  and  I  believe  it  is  general  to  all  crystallizatwa 

castings,  that  the  colder  the  metal,  when  poured  out,  the  dens-  ***  ^^"** 

er  specifically  and  more  uniform  in  its  fracture  was  the  cast. 

These  facts  and  observations  seem  to  give  probability  to  the 

following  inference  :  that  if  two  metals  were  cast  by  successive 

pouring  out  of  tlie  same  pot,  the  latter  would  have  more  densi-  't  is  thought 

ty  and  uniformity  of  aggregation  and  hardness,  and  would  take  metal  D«arlT 

a  better  figure  upon  the  polisher,  which  though  of  pitch,  and  ^^^^  would  tako 

supposed  to  nave  no  elasticity,  has,  it  is  most  ukcly,  enough  of 

spring  to  affect  a  figure  which  would  be  essentially  injured  by 

a  deviation  of  one  millionth  part  of  an  inch.* 

3.  I  do  not  see  how  chromatic  abbcrration  is  to  be  corrected  On  achromatic 

_  •        

by  refraction  towards  the  same  parts,  unless  by  mediums,  such 
as  described  by  Doctor  Blair  in  his  paper  on  aplanatic  refrac- 
tion, in  the  second  volume  of  the  Edinbuigh  Transactions,  of 
which  an  abridgment  is  given  in  our  Quarto  Series,  vol.  i.  p. 
1.  But  these  do  not  apply  to  the  case  mentioned  by  Mr. 
Brewster. 


III. 

On  the  means  of  obtaining  Stamps  (Cliches J  xoith  Moulds  of 
Plaster  of  Paris,  Sulphttr^  or  Sealingwai.  By  M.  Darcet. 
Read  at  the  Society  of  Encouragement  y  the  \%th  of  February  ^ 

1806.t 

JL  OUNDERS  use  the  term  clicher  for  making  impressions  Art  of  stanp- 

on  metals  without  casting  them   in  a  mould:  and  that  ofl!'?',2LS!l?\? 

c?  '  impressions  in 

jnetals. 
*  Withoat  recurring  to  optical  principles,  as  to  the  figure  of  a 

speculum,  it  may  be  observed  that  a  single  stroke  on  the  polisher 

will  sensibly  alter  that  fijcure ;  but  that  a  great  number  of  stroket^ 

would  be  required  to  work  out  a  scratch  of  one  hundred  thousand 

to  the  inch  in  breadth. 

t  Translated  from  La  Retue  Fkilosophiquef  Liiterairef  et  Poli^ 
ti^uCf  No.'  lOy  for  April,  1806,  p.  t. 

cliche 
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cliche  for  an  Impression  thus  nmdc.     The  fabrication  of  astig'' 
naUy  or  rather  the  himentablc  necessity  of  reproducing   tbeia 
without  enJ,  was  in  some  degree  the  creating  cause  of  the  art 
of  taking  metallic  impressions  {de  clicher)^  which  does  not  seem 
at  the  fir.st  view  to   be  of  any  great  importance ;  but  it  is  in 
reality  capable  of  being  applied  with  advantage  to  severscl  arts, 
and  particularly  to  those  connected  with  the  arts  of  design. 
iT^'d^i!^^         51.  Darcet,  the  son  of  the  celebrated  chemist,  in  forming  a 
collection  of  impressions  from  engraved  gems,  has  just  carried 
this  art  to  a  great  extent.     From  an  object  of  ainusemcnti  for 
which  he  at  first  began  to  employ  it,  her  has  applied  it  to  the 
manufactory  of  paper-hangings,  and  even  of  printed  cottons,  of 
ornamental  furniture,  of  artificial  flowers,  and  in  short  of  even* 
thing  that  taste  or  industry  would  decorate.     It  is  easy  to 
conceive  how  much  expence  may  be  saved  by  taking  impres- 
siens  of  engravings  already  executed  instead  of  making  npw 
ones. 
Its  ises.  The  following  is  an  account  of  the  advantages^  which  Mr. 

Darcet  expects  from  his  process,  as  exhibited  in  the  accurate 
rcj)ort  delivered  by  him  to  the  society. 
For  blocks  for       <<  In  the  manufacture  of  ])aper-hangings  and  printed  goods> 
•od^printS"*^  the  pattern  is  printed  by  means  of  wooden  blocks ;  and  these, 
foods.  though  cut  in  a  coarse  manner  and  at  a  moderate  price,  ap- 

peared to  mo  capable  of  having  their  place  in  part  supphed  by 
the  processes  of  metallic  impression  (clichage),  Aly  trials 
were  successful;  and  the  various  specimens  laid  before  the  as- 
sembly, show-  that  this  art  may  be  carried  to  a  great  extent, 
f^nd  cannot  £Eiil  to  produce  beneficial  results  if  pursued  by 
expert  hands :  in  fact,  all  that  is  requisite  is  to  model  in  wax  or 
plaster  of  Paris  the  ornament  we  would  multiply,  and  to  obtain 
from  it  as  many  matrices,  and  consequently  as  many  netaUio 
stamps  as  the  block  is  required  to  contain. 
Capable  of  '*  This  process  is  particularly  applicable  to  blocks  in  wtlicfa 

forming  a  num- ^}iQ  same  ornament  is  repeated  several  times.     It  has  likewise 

bet  of  patterns  -  ^       .  I  .  i-i  ' 

by  varying        the  advantage  of  furnishmg  very  speedily  a  great  number  of 

^  *^h'"*"    separate  pieces,  which  may  -afterward  be  combined  in  a  gieat 

same  figures,     variety  of  ways,  to  form  at  a  very  trifling  expence,  a  namber 

of  patterns  dificring  from  each  other. 

In  printing  ''  I  am  aware,  that  in  many  cases  it  will  be  more  advantt- 

mordanuVay  fi^^"*  ^  ^^^  wooden  blocks  for  paper-hangings ;  and  I  appie* 

bend 
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liencl  that  the  nufMantt  en^ployed  for  printed  goods  may  fre-  fottetimes  be 

quently  render  the  use  of  metallic  blocks  tinadvisable :  but  a  J^*^of^ 

few  inconveniences  should  not  lead  us  to  reject  a  process  art* 

which  may  speedily  be  brought  to  perfection,  as  we  are  led  to' 

expect  from  the  purposes  to  which  it  has  already  been  applied; 

and  the  success  obtained. 

'*  The  upholsterer  will  ornament  his  goods  at  a  small  ex-  In  forallm. 

pence,  by  multiplying  the  engraved  gems  and  basso  relievoes  of 

antiquity,  and  the  fine  produc^ons  of  modern  art,  by  means  of 

plaster  moulds. 

"  These  ornaments  will  be  in  a  style  as  chaste  as  that  of  the  ^,^^^1  '^ 

stitute  for  carr*    • 

models,  of  which  they  will  only  be  polytypes ;  and  the  labours  |ng, 
t)f  the  carver  and  sculptor  becoming  needless,  works  may  be 
afforded  at  a  low  price,  of  such  a  degree  of  perfection,  as  could 
not  by  any  other  means  be  attained  without  considerable 
charge. 

''  The  maker  of  artificial  flowers^  by  employing  plaster  of  In  artifidal 
Paris,  may  find  a  cheap  method  of  procuring  solid  moulds  taken    ^^^^  *""     '' 
from  the  leaves  themselves,  and  more  perfect  than  those  imita- 
tions made  by  art. 

"  The  figurer  of  stuffs  too  may  substitute  moulds  of  metal  In  figuring 
for  those  of  plaster  of  Paris,  sulf^ur,  and  wood,  which  he 
commonly  employs. 

"  The  antiquary  may  use  metallic  impressions  instead  of  the  In  imiuting 
plaster  casts  and  sulphurs  of  his  cabinet ;  ahd  his  impressions,  and  cemfT'^ 
thus  rendered  more  solid,  will  have  the  advantage  of  being 
capable  of  being  multiplied  more  easily  without  fear  of  injuring 
them,  and  his  collection  will  be  increased  by  the  exchange  of 
copies  he  may  make  widi  others* 

^'  Lastly^  this  art  affords  the  means  of  improving  engraving  For  engmWag 
in  relief;  of  which  I  have  already  exhibited  proo&,  and  more  jJJjS'a^ttto* 
{)ositive  demonstration  will  soon  be  afforded  the  Society.     I 
bope  it  will  see  brought  to  perfection,  an  art  almost  lost  among 
us,  the  success  and  advantages  of  which,  however,  concern 
many  branches  of  national  industry.  . 

*^  I  might  mention  several  other  uses  of  stamps  or  blocks  Blocks  of  pits- 
niade  with  plaster  of  Paris  fdu  ciichage  en  f litre) y  and  I**''* 
conceive  there  are  several  cas€^  in  which  it  may  be  of  utility, 
particularly  when  the  process  shall  have  attained  all  the  per- 
fection of  which  it  is  susceptible.'' 
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The  whole  report  of  M.  DarccC  may  be  read  in  the  BuOcim 

tie  la  SociiU  (f  Encouragement ^  No.  ^0,  Feb.  1806.     It  » 

not  a  simple  process,  biit  an  act  described  in  a  clear  and  sin- 

pie  manner,  vifh  all  iis  circumstances,  suck  as  we  could  wiiii 

the  description  of  every  art  to  be  given. 

Principal  The  two  principal  points  arc  the  preparation  of  the  moulds, 

attBMbd  tL      ^'^^  ^^  metal  intended  for  stamps.     Though  good  stamps  may 

be  obtained  by  letting  a  perfectly  dry  plaster  mould  fall  on  the 

fusible  compound  of  bismuth,  tin,  and  lead,  M.  Darcet  has 

thought  that,  iif  he  could  impart  more  solidity  to  the  plaster, 

and  fill  up  the  j^res  that  form  bubbles  or  diminish  tho  polish 

of  the  stamp,  he  should  improve  the  art  very  mueh.     After 

having  tried  several  means  he  has  pieferred  Flanders  glue. 

Method  of  ma-     **  Three  ounces  and  half  avoirdupois  weight  of  fine  Flanden 

tamoa\£r^   S^^^  ^^  ^  ^^  steeped,  and  then  dissolved  by  heat  in  four  pints 

They  are  and  half  of  water.  The  solution  being  strained  through  a  piecs 

wa^lbot  riok  ^  ^'^  linen  or  a  sieve,  is  to  be  heated  till  it  is  near  boiling,  and 

the  plaster  moulds,  previously  dried  and  slightly  heated,  art 

then  to  be  immersed  in  it.    The  air  they  contain  expands  and 

escapes,  while  the  water,  taking  its  place,  carries  with  it  into 

'    the  interior  parts  of  the  mould  the  glue  which  it  held  in  a  slate 

of  constderabJe  attenuation.     As  soon  as  the  air  ceases  ta  bt 

disengaged,  the  plaster  mould  is  to  be  taken  out  and  shaken^ 

and  the  opemtor  mu&t  blow  strongly  on  its  engraved  surface, 

that  pellicles  of  glue  may  not  l>e  formed  in  cooling,  which 

would  impair  the  delicacy  of  the  work.'' 

The  moulds  thus  saturuitcd  should  be  dried  slowly ;  toward 

the  end^  however,  the  temperature  may  be  raised  as  high  as 

50®  or  60°  of  the  centigrade  thermometer  (1 12**  or  140<'  Farht.) 

The  mouTdt       The  moulds  thus  saturated  with  glue  must  not  be  used  except 

dry,  and  owd   ^^^^  very  dry ;  and  as  they  attract  the  moisture  of  the  air,  ia 

dry  and  coTd.    consequence  of  the  glue  contained  in  them,  they  must  be  kept 

in  a  dry  place,  or  heated  before  they  are  used,  taking  caie 

to  let  them  grow  cold  before  the  metal  is  stamped  with  them.. 

Dareet*s  fiisi-        ^g  to  the  metallic  compound,  it  was  invented  by  M.  Darcet, 

^^^        senior.     That  worthy  man,  who  found  no  pleasure  in  his  dis* 

covpries  without  rendering  them  public  and  useful,  made  this 

known  in  the.  years  ]773  and  17779  by  means  of  the  Jigurnal 

dc  Medecine  and  the  Journal  de  Fhysiquc.     It  has  since  been 

employed 


:^tnp1oyed  for  tlic  fiibricatiod  of  asngntts,  and  may  be  estettned  — wd  in  fU>ri- 
rtie  foundation  of  the  stareotype  art.     M.  Erhmann  will  testify  nltjC'-STtto 

^jg  fbuoidation  of 

In  making  stamps  with  moulds  tf  plaster,  Thd  success  de-  The  mol^Ri- 
pcnds  greatly  on  the  ftisibility  of  die  metal ;  that  employed  by  *>'•  ^utown. 
M.  Darcet  isthe  most  iiisihlc  known. 

"  Numerous  experiments,^  says  M.  Darcet,  "  <^<>"^'°c«^  lPJf|\'V^  3 
my  fad^er,  that  the  compound  should  be  formed  of  eight  parts  tin,  mdu  13* 

of  bismuth,  five  of  lead,   and  three  ctf  tin.     When  it  is  well  degreet  below 
•^       '  Douinc  wfttcr 

made,  it  begins  to  soften  at  91^  of  the  centigrade  tbeimometer 

(196«  Farbt.),  and  melts  between  97?  and  93®  <aboiit  199» 

Farht.)-  •     • 

*'  This  compound  when  cold  is  sufficiently  malleable  to  SuAckntly 

stand  a  blow,  and  hard  •enough  to  preserve  the  impressions  from  ^^  ^ 

friction,  and  to  allow  them  to  be  retoisched  with  the  graver. 

*^  The  following  is  the  best  mode  of  preparing  it: 

^  Fuse  iho  bismuth,  cover  it  wilh  resin  or  soet,  and  heat  Mode  of  pre* 
the  whole  rather  strongly  ;  add  the  lead,  stir  riiem  w«ll  togt-^*"°*    * 
thcr,  increase  the  temperature  a  little,  and  add  to  the  metals 
in  fusion  the  requisite  quantity  ot  tin.     Stir  the  mixture  again, 
and  cast  it  into  a  plate  or  ingot. 

*'  This  compound  is  to  be  used  only  in  the  soft  state,  that  To  be  med 
is,  at  a  degree  of  heat  much  below  the  point  of  bpiling  water  j  ®°  ^  '^^  *^  ***^ 
it  is  then  lilted  for  receiving  the  impression  of  the  matrix,  with- 
out eraitti.ig  the  air  and  wa^r  this  contains^  which  would  form 
blebs  or  flaws  in  the  stump.   .     . 

_  '*  The  soft  state  is  that  which  the  fusible  metal  assumes  at  Direction!  for 
910  (iggo  Farht.).  When  it  begins  to  grow  tiolid,  a  crystal-'""^*'- 
lization  forms  in  the  still  fluid  mass  of  metal  $  and  this  crys- 
tallisation must  be  broken  and  rendered  confused,  by  agitat- 
ing the  metal  as  quickly  as  possible^  kneading  it  as  it  werci 
and  particularly  by  bringing  the  pait  near  tlie  edges  to  the 
centre,  and  alternately  carrying  the  central  part  to  the  edges^ 

*'  When  the  whole  of  the  metal  is  reduced  to  this  state,  no- 
thing more  is  necessary,  but  to  stamp  it  quickly  with  the  plas- 
ter matrix. 

*^  Every  time    this    comjpound   is  fused,  oxided  pellicles  Scori«, 
arc  formed  on  its  surface ;  and  the  greater  heat,  or  the  longer 
it  is  continued,  the  more  considerable  they  are.     These  scoriae 
should  be  collected  together,  and  afterwards  fused  with  resin, 

C  c  2  oil, 
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to  bt  nmt&fpd.  oil^  or  tallow,  at  a  tempeFtture  iuiBciendy  high  to  fcdaot 
them  to  the  metallic  state,  tp  that  they  may  be  uted   in  mb* 
sequent  operations/' 
The  miaipda-      Nothing  moxe  remains  bat  the  mechanical  procesa,  which 
^"*^-         is  easy,  and  for  which  we  must  reliBr  to  the  Bulletin  of  the  So- 
cUti  (f  Encouragement  already  quoted.    This  BuUetin  thoald 
be  OHisulted  by  all  who  would  know  the  minotisD  of  the  ait. 
Fiddly  of  flm  We  shall  conclude  by  observing^  that  the  fidelity  of  the  in* 
process.  pressions  or  stamps  (cUchii)  is  so  great,  as  to  give  widi  the 

greatest  accuracy  every  ramification  in  a  rose  leaf. 

During  the  fabrication  of  asaignats,  they  were  stamped  both 

by  the  hand  and  by  engines.     Like  alhother  useful  proce— > 

this  was  soon  improved  in  consequence  of  the  necasaity  of  ie» 

peating  it.     The  operation  is  rendered  more  expeditioas  aii 

Tfttt«ftmf>iiif  moi:^  exact  by  means  of  a  simple  machine.     A  plate  added  Is 

^ml^^^ *  ^®  P*P®^  ^^  ^'  Darcet,  and  engraved  in  the  Bulletin  of  the 
^S0ciiit4  d*  Eficouregementf  represents  this  machine  which  is  69^ 
cribed  in  M.  Darcet's  paper. 

To  this  abstract  were  subjoined  some  impressions  taken  widi 
plaster  of  Paris  from  wooden  cuts  of  M«  Duplat,  and  thea 
worked  pff  fropi  stamps  made  with  M.  DaroetTa  cosupoaaJ 
metal.* 


IV. 

Account  of  a  9erie$  of  Experiments,  skewmg  tie  ^0tct$  tf 
Compreision  in  modifying  the  Effects  of  Hfat.  Bjf  Sit 
Jamss  Hall,  Bart.  F,RlS.  Edinburgh 

(Contintud  from  page  128. J 

SjECT.  VI  r I. — Formation  of  Coal. — Accidental  qccwrrence 
^hich  led  me  to  undertake  these  Experiments, — Results  ex* 
fracted  from  a  former  publication, — Explanation  <^ 


*  The  prints  in  La  Revue  ^actly  resemble  wood-oats.  The 
press-work  not  beii^  performed  in  a  better  manner  than  commoi, 
j|t  is  not  possible  to  form  any  judgment  of  the  miniue  difierencct. 

dijfi* 
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difiadHa  thai  kaoe  been  mg^Ui.^The  RtntofW^o^d  m 
same  cases  oblUeraiedf  and  in  some  preseretd  under  eompree>» 
sion, — Resemblance  which  these  Results  bear  to  a  series  cf 
Natural  Substances  described  bjf  Mr.  Hatchett.-^Theu  re- 
sults seem  to  throw  light  an  the  history  of  Surturbrand^ 

JSlS  I  intend,  ou  some  future  occasion,  to  resume  my  ex-  Inflammalile 
perimeiits  with  inflammable  substances,  which  I  look  upon  as 
far  from  complete,  I  shall  add  but  a  few  observations  to  what 
I  have  already  laid  before  this  Society,  in  the  sketch  I  had  At 
lionour  to  read  in  this  place  on  the  30th  of  August  last. 

The  following  incidental  occurrence  led  me  to  enter  upon 
this  subject  rather  prematurely,  since  I  had  determined  first  to 
Batisfy  myself  with  regard  to  the  carbonate  of  lime. 

Observing,  in  many  of  the  last-mentioned  class  of  experi«  tncidentrnToe- 
ments,  tEat  the  elastic  matters  made  their  escape  between  the  ^^^l^^ieatlicr 
muzzle  of  the  barrel  and  the  cylinder  of  lead,  1  was  in  the  ha-  was  ex] 


bit,  as  mentioned  above,  of  placing  a  piece  of  leather  between 


the  lead  and  the  barrel;  in  which  position,  the  heat  to  which 
the  leather  was  exposed,  was  necessarily  below  that  of  melting     • 
lead.  In  an  experiment,  made  on  the  28th  of  Noveniber  1 803,  in 
order  to  ascertain  the  power  of  the  machinery,  and  the  quantity 
of  metal  driven  out  by  the  expansion  of  the  liquid,  there  being 
pothing  in  the  barrel  but  metal,  I  observed,  as  soon  as  the  com* 
pressing  apparatus  was  removed,  (which  on  this  occasion  was 
done  while  the  lower  part  of  the  barrel  was  at  its  full  heat,  and 
the  barrel  standing  brim  full  of  liquid  metal),  that  all  the  leather 
which  lay  on  the  outside  of  the  circulai*  muzzle  of  the  barrel, 
remained,  being  only  a  little  browned  and  crumpled  by  the 
heat  to  which  it  had  been  exposed*     What  leather  lay  mthin 
the  circle,  had  disappeared  ;  and  on  the  surface  of  the  liquid 
metal,  which  stood  up  to  the  lip  of  the  barrel,  I  saw  hirge  drops 
of  a  shining  black  liquid,  which,  on  cooling,  fixed  into  a  crisp —and  convert* 
)>lack  substance,  with  a  shining  fracture,  exactly  like  pitch  or^^^-*^*^^ 
pure  coaL     It  burned,  though  not  with  flame.    While  hot,  it 
smelt  decidedly  of  volatile  alkali.    The  important  circumstance 
here,  is  the  diflerent  manner  in  which  the  heat  had  acted  on  the 
feather,  wiAout  and  within  the  rim  of  the  barrel.    The  only 
di&rence  consisted  in  compression,  to  which,  therefore,  thedif- 
^rence  of  efiect  must  be  ascribed :  by  its  force,  the  volatile 

matter 
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nctfeer  of  the  leather  which  escaped  from  the  ootward  pai1% 

bad  within  the  rim,  been  constrained  to  remain  united  to 

the  rest  of  the  composition,  upon  which  it  had  acted  m  a 

flux,  and  the  whole  together  had  entered  into  a  liquid  state» 

in  a  Tery  low  heat.     Had  the  pressure  been  continued  tiU 

all  was  cool,  these  substances  must  have  been  retained, 

ducing  a  real  coal. 

Birtet  expert*       On  the  24th  April  1803,  a  piece  of  leather  used  in  a 

••■*■•  manner,  (the  compressing  force  being  continued,  bowerefj  tiU 

all  was  cold,)  was  changed  to  a  substance  like  ^ue,  owiuf 

doubtless  to  compression  in  a  heat  under  that  of  melting  lead. 

These  observations  led  me  to  make  a  series  of  experiments 

with  animal   and  vegetable  substances,  and   with  coal ;  th« 

result  of  which  I  have  already  laid  before  the  Society.  I  shill 

;  now  repeat  that  communication,  as  printed  in  Nicholson's 

Journal  for  October  last  (1 804.)* 

Vllcoal expos-      «<  J  have  likewise  made  some  experiments  with  coal,  treated 

4ei«oBpiTt*"  ^  ^^^  same  manner  as  the  carbonate  of  lime :  but  1  have  found 


it  much  less  tractable ;  for  the  bitumen,  when  heat  is  applied 
to  it,  tends  to  escape  by  its  simple  elasticity,  whereas  the  car- 
bonic acid  in  marble,  is  in  part  retained  by  the  chemical  force 
of  quicklime.  I  succeeded,  however,  in  constraining  the  bitu- 
minous matter  of  the  coal,  to  a  ccrttiin  decree,  in  red-heats^  ta 
as  to  bring  the  substance  into  a  complete  fusion,  and  to  retain 
its  faculty  of  burning  with  fhame.  But,  I  could  not  accomplish 
this  in  heats  capable  of  agglutinating  the  carbonate ;  for  I 
have  found,  where  I  rammed  them  succc«sively  into  the  same 
tube,  and  T\here  the  vessel  has  \\i(h stood  the  expansive  foroe» 
that  the  carbonate  has  been  agglutinated  into  a  good  limestooet 
but  that  the  coal  has  lost  about  half  its  weight,  together  with 
its  power  of  giving  flame  when  burnt,  remaining  in  a  very  con* 
-pact  state,  with  a  shining  fracture.  Although  this  experiment 
has  not  afforded  the  desired  result,  it  answers  another  puiposa 
When  some  of  admirably  well.  It  is  known,  that  where  a  bed  of  coal  it 
■latur  escaped  ^^^^^^^  hy  a  dike  of  whinstonc,  the  coal  is  found  in  a  peculiar 
a  prodttctk>n     state  in  the  immediate  neighbouihood  of  the  whin  :  the  sab-? 

*  As  the  present  extract  is  short,  it  was  thought  better  to  repeat 
it  here,  than  to  interrupt  the  subject  by  referring  to  our  ixth  volniBe. 
Ed. 

stance 


fiance  in  such  places  beii«  incai^able  of  giving  flame,  it  is  iis-  [|3SfS!!?w» 
tinguiahed  by  the  name  of  bUitd  comI.     Dr.   IluttoA  has  ex*  afforded, 
plained  this  feict,  by  supposing  that  the  bituminous  matter  of* 
the  coal,  has  been  driven  by  the  local  heat  of  whin,  into  places 
of  less  intensity,  where  it  would  probably  be  retained  by  distil- 
lation.    Yet  the  whole  must  hare  been  carried  on  under  tha 
action  of  a  pressure  capable  of  constraining  the  carbonic  acid 
of  the  calcareous  spar,  which  occiu^  frequently  in  such  rocks. 
In  the  last-mentioned  experiment,  we  have  a  perfect  represen- 
tation of  the  natural  fact ;  since  the  coal  has  lost  its  petroleum, 
while  the  chalk  in  contact  with  it  has  retained   its  carbonia 
acid. 

"  I  have  made  some  experiments  of  the  same  kind,  withAmmal  airf 
vegetable  and  animal  substances.    I  found  their  volatility  muck^,^^^^J^|^  ^^ 
greater  than  that  of  coal,  and  I  was  compelled,  with  them,  tqthe  sune  man- 
work  in  heats  below  redness ;  for,  even  in  the  lowest  red-heat,  ^^^' 
they  were  apt  to  destroy  the  apparatus.    The  animal  substance 
I  commonly  used  was  horn,  and  the  vegetable,  saw-dust  of  fir* 
The  horn  was  incomparably  the  most  fusible  and  volatile  of 
the  two.    In  a  very  slight  heat,  it  was  converted  into  a  yellow- 
xed  substance,  like  oil,  which  penetrated  the  clay  tubes  through 
and  through.     In  these  experiments,  I  therefore  made  use  .of 
tubes  of  glass.     It  was  only  after  a  considerable  portion  of  th^ 
substance  had  been  separated  from  the  mass,  that  the  remam- 
der  assumed  the  clear  black  peculiar  to  coal.     In  this  way  I 
obtained  coal,  both  from  saw-dust  and  from  horn,  which  yield- 
ed a  bright  Aame  in  burning. 

*^  The  mixture  of  the  two  produced  a  substance  having  ex-  It  is  probable 
actly  the  smell  of  soot  or  coal-tai*.     I  am  therefore  strongly  in-  JJ^'jJ  tul  vcaeu- 
clined  to  believe,  that  animal  substance,  as  well  as  vegetable^  Ue  matter  baa 
has  contributed  towards  the  formation  of  our  bituminous ^"^^.^^^j^^^ 
strata.     This  seems  to  confirm  an  opinion,  advanced  by  Mr.  strata. 
Kcir,  which  has  been  mentioned  to  me  since  I  made. this  ex* 
pennant.     I  conceive,  that  the  coal  which  now  remains  in  the 
world,  is  but  a  small  portion  of  the  organic  matter  originally 
depoatted :  the  most  volatile  parts  have  been  driven  off  by  the 
action  of  heat,  before  the  temperature  had  risen  high  enough  to 
bring  the  surrounding  substance  into  fusion,  so  as  to  confine  the 
elastic  fluids,  and  sulgect  them  to  compression. 

*'In 
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iUinnI  nMtv      ^  In  several  of  these  experinients>  I  foond*  wben  the  (re- 

nStAmSi        ^^^^^  ^"^  ^^^  P"^**  w^cn  eqoal,  for  instance,  only  to  80  at- 
laa,     mosphereSt  that  the  horn  employed  was  dissipated  entirely,  the 


^^'^^J^^IJ^^    I^RSs  tnhe  which  bad  contained  it  being  left  almost  clean  :  yet 


mdonbtedly,  if  Exposed  to  heat  wttboiit  compression,  and  pro- 
tected from  the  contact  of  the  atmosphere,  the  horn  tiroald 
kave  a  cinder  or  coak  behind  it,  of  matter  wholly  devoid  of 
volatility.  Here,  then,  it  would  seem  as  if  the  moderate  pres- 
nie,  by  keeping  the  elements  of  the  substance  together,  had 
promoted  the  general  volatility,  without  beii^  strong  enough  to 
reast  that  expansive  force,  and  thus,  that  the  whole  had  escap* 
ed.  This  result,  which  1  should  certainly  not  have  foreseen  in 
theory,  may  perhaps  account  for  the  absence  of  coal  in  situa- 
tions where  its  presence  mi^t  be  expected  on  principles  of  ge- 
neral analogy/' 

Since  this  publication,  a  very  natural  question  has  been  pot 
to  me.  When  the  inflammable  substance  has  lost  wei^t,  or 
when  the  whole  has  been  dissipated,  in  these  cxperimeots, 
what  has  become  of  the  matter  thus  driven  off? 
It  fe  Qoeertain  I  must  own,  that  to  answer  this  question  with  perfect  con- 
tbe  matten  ^  ^  fidence,  more  experiments  are  required.  But,  in  the  coond 
volstUized  un-  of  practice,  two  circumstances  have  occurred  as  likely,  in 
proBore.  fg^Q^  cases,  to  have  occasioned  tlie  loss  nlluded  to.  I  found 
in  these  experiments,  particularly  with  horn,  that  the  chalk, 
hoth  in  powder  and  in  lump,  which  was  used  to  611  vacuities 
in  the  tubes,  and  to  ^\  them  in  the  cradle,  was  strongly  im^ 
pregnated  with  an  oily  or  bituminous  matter,  giving  to  the 
substance  the  qualities  of  a  stinkstone.  I  conceive,  that  the 
most  volatile  part  of  the  horn  has  been  conveyed  to  the  chalk, 
partly  in  a  state  of  vapour,  and  partly  by  boiling  over  the  lips 
of  the  glass  tube ;  the  whole  having  been  evidently  in  a  state 
of  very  thin  fluidity.  Having,  in  some  cases,  found  the  tube, 
which  bad  been  introduced  full  of  horn,  entirely  empty  after 
Hie  experiment,  I  was  induced,  as  above  stated,  to  conceive, 
tiiat,  under  pressure,  it  had  acquired  a  greater  general  volati- 
lity than  it  had  in  freedom ;  and  I  find  that,  in  tiie  open  fire, 
horn  fields  a  charcoal  equal  to  20  per  cent,  of  the  orig^inl 
weight.     But  more    experiments    must    be  made  on    this 

subject. 

Another 
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Another  cause  of  tb%  loss  of  weight,  lay  undoubtedly  in  the  Seme  part  was 
Excess  of  heat  employed  in  most  of  them,  to  remo\'e  the  era-  ^^ie  sulgect'out 
die  from  the  bafrel.     With  irotlammable  substances,  no  air-  of  the  ajppara- 
tube  was  usedj  and  the  heats  being  low,   the  air  lodged  in  in-  "** 
tcrstices  bad   b^en  sufficient  to  secare  the  barrels  from.  dc» 
stniction,  by  the  expansion  of  the  liquid  metal.     In  this  view, 
likewise,  I  often  used  lead,  whose  expansion  in  such  low  heats> 
I  expected  to  be  less  than  that  of  the  fusible  metal.     And  the 
lead  requiring  to  melt  it,  a  heat  very  near  tu  that  of  redness, 
the  subject  of  experiment  was  thus,   on  removing  the  cradle, 
exposed  in  freedom  to  a  temperature  which  was  comparatively 
^  high.     But,  observing  that  a  great  loss  was  thus  occasioned,  I 
returned  to  the  use  of  the  fuKiblc  mctal^   together  with  my 
former  method  of  melting  it,  by  plunging  the  barrel,  when  re- 
moved from  the  furnace,   into  a  solution  of  muriate  of  lime, 
by  which  it  could  only  receive  a  heat  of  250°  of  Fahrenheit. 

The  effect  was  remarkable,  in  the  few  experiments  tried  in  Oi>servatioiu 
this  way.  The  lioiti  did  not,  as  in  the  other  exiieriments^ 
change  to  a  hard  black  substance,  but  acquired  a  semifluid 
and  viscid  consistency,  with  a  yellow-red  colour,  and  a  very 
offensive  smell.  This  shews,  that  the  substances  which  here 
occasioned  both  the  colour  and  smell  of  the  results^  bad  been 
driven  off  in  the  other  experiments,  by  the  too  great  heat  ap- 
plied to  the  substanccj  when  free  from  compression. 

1  found  that  the  organization  of  animal  substance  was  en-  Slii^ht  heat  de- 
tirely  obliterated  by  a  slight  action  of  heat,  but  that  a  stronger  ^{^.^0*^/ 
heat  was  required  to  perform  the  entire  fusion  of  vegetable  animal  matter; 
matter.     Tliis,   however,   was  accomplished ;    and  in  several  Qnfi^gtroM 
experiments,  pieces  of  wood  were  changed  to *a  jet-black  and  beat, 
inflammable  substance,   generally  very  porous,   in  which  no 
trace  could  be  discovered  of  the  original  organization.     In 
others,   the  vegetable  fibres  were  still  visible,   and  are  forced 
asunder  by  large  and  shining  air-bubbles. 

Since  tb^  publication  df  the  sketch  of  my  experiments,   I  s  >bstances 
have  had  the  pleasure  to  i^d  Mr.  Hatchett's  very  interesting  S'^^^  "j^^l^^^ 
s^ccQunt  of  various  natural  substances,  .nearly  allied  to  coal ;  and  elucidated 
and  I  could  nc*  help  being  struck  with  the  resemblance  which  ^^^^,j^  ****** 
,  my  results  bear  to  them,  through  all  their  varieties,  as  brought 
into  View  by  that  able  chemist ;  that  resemblance  affoi:ding  a 
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^i^ahipCioD;  th«t  the  changei  which,  with  tnm  sdeadfic  liftH 
<lB8ty,  he  ascribes  to  an  unkaowB  cause,  foay  have  loaulted 
from  varions  hents  acting  under  pressure  of  various  force. 
The  subetance  to  which  he  has  given  the  name  of  Ae/tiUHpW- 
4iimr  seems  lo  agree  very  nearly  with  whal  I  have  obtained 
from  aniamf  substarce,  when  the  barrel  was  opened  by  means 
of  low  heat.  And  the  specimen  of  wood  enlcrh^  jnto  fusioB^ 
but  still  retainii^  the  form  of  its  fibres,  iscems  very  aimilar  to 
the  intermediate  sdbstance  of  Bovey-coal  and  Swrtmrhwiif 
which  Mn  Hatchett  has  assimilated  to  each  other.  It  is  well 
known,  that  the  surturbrand  of  Iceland,  consists  of  the  stems 
of  large  trees,  flattened  to  thin  plates,  by  some  operatioa  sf 
nature  hitherto  uneicplained.  But  the  last-mentioned  eiperi* 
ment  seems  to  afford  a  plausible  solntiim  of  thia  pumdiiig  phe« 
BoroenoB. 
AppMcatioo  of  In  ali  parts  of  the  globe,  we  find  prooiii  of  slips^  and  nurioat 
•xparimentyto  RUOive  motions,  having  taken  pJace  amongst  great  manes  of 
•thtr  natonl  rock,  whilst  they  were  soft  in  a  certaia  degree,  and  which 
have  \th  unequivocal  traces  bdiind  them,  both  in  the  derai^ . 


ments  of  the  beds  of  strata,  and  in  a  smooth  and  shikni^  sur« 
lace,  called  tlkkensidey  produced  by  the  direct  friction  of  oaa 
mass  on  another.  During  the  action  of  subterraniean  beat, 
were  a  single  stratum  to  occur,  containing  trees  intermixed 
with  anim$il  substances,  shell-fish,  &c.  these  trees  would  be 
reduced,  to  a  soft  and  unctuous  state,  similar  to  that  of  the 
piece  of  wood  in  the  last-mentioned  experiment,  whikt  the 
substance  of  the  contiguous  strata  retained  a  considcrafaie 
d^ee  of  firmness.  In  this  state  of  things,  the  stratum  just 
mentioned,  would  very  naturally  become  the  scene  of  a  slip, 
occasioned  by  the  unequal  pressure  of  the  surrounding  masses* 
By  such  a  sliding  motion,  accompanied  by  great  compieasioa^ 
a  tree  would  be  fattened,  as  any  substance  is  ground  in  a 
mortar,  by  the  combination  of  a  lateral  and  direct  force.  At 
the  same  time,  the  shells  along  with  the  trees,  would  be  flat- 
tened, like  those  described  by  Beigman ;  while  those  of  the 
•same  species  in  the  neighbouring  limestone-rock,  beh^  pro- 
tected by  its  inferior  fusibility^  would  retain  their  natoial 
shape. 

Sect. 


SfiCT.  ix^^^Aj^ftic^Him  of  thg/wregmg  ttmUi$  toCkokgy^*^ 
The  Jin  employed  m  the  HuttamoH  Tieory  is  a  mod^catiem 
qftktit  of  the  Voktmoee.^^XkU  moi^kMtim  mmt  takepiaee 
in  a  lava  previous  to  its  eruptioiL.^An  Internal  Lava  is  ca^- 
pable  ofmeliing  Umedone.^-^Tke  ^ectt  of  VoleaMic  Fire  on 
suhsta$Kes  tn  a  subterranean  and  sabmarine  situation f  are  tie 
same  at  those  ascribed  to  Fire  m  the  Huttonian  Theory,-^ 
Our  Strata  uere  onee  in  a  similar  sttuatioHy  and  then  vnder^ 
went  the  action  ^fire. — AU  the  conditions  of  the  Huttonian 
Theory  being  thus  combined^  the  formation  of  all  Rochs  may 
he  accounted  for  in  a  saiiffaUory  maimer, — Cendusioa. 

'  Having  investigated,  by  means  of  the  foregoing  experiments,  The  remits  ap. 
sonae  of  the  chemical  sappositions  involved  in  the  Huttoniat)  P>«atogeolo- 
Theory,  and  having  endeavoored  to  assign  a*  determinate  limit  '  . 

to  the  power  of  the  agents  employed ;  I  shall  now  apply  thes^ 
results  to  Geology^  and  inqnire  how  far  the  events  supposed 
anciently  to  have  taken  place,  accord  with  the  existing  8tat6 
of  our  globe,    . 

The  mo^  powcHul  and  essential  agent  of  the  Huttonian  Fire  !•  ibe  et- 
TTieory,  is  Fire,  which  I  have  always  looked  upon  as  the  same  !?****„  fl^"***' 
with  that  of  volcanoes,  modified  by  circumstances  which  must,  theory. 
to  a  certain  degree,  take  place  in  every  lava  previous  to  its 
eruption. 

The  original  source  of  internal  fire  is  involved  in  great  ob«  To  account  for 
scurity  ;  and  no  sufficient  reason  occurs  to  me  for  deciding  |J^t*^g  ^"  ^ 
whether  it  proceeds  by  emanation  from  some  vast  central  re*  part  of  the  doc- 
servoir,  or  is  generated  by  the  local  operation  of  some  cheou-  *""*'j    J^  " 
cal  process.     Nor  is  there  any  necessity  for  such  a  decision :  as  a  mere  fact. 
all  we  need  to  know  is,  that  internal  fire  exists,  which  no  one 
can  doubt,  who  believet  in  the  eruptions  of  Mount  Vesuvius, 
To  require  that  a  roan  should  account  for  the  generation  of 
internal  fire,  before  he  is  allowed  to  employ  it  in  geology,  is  na 
less  absurd  than  it  would  be  to  prevent  him  from  reasoning 
about  the  construction  of  a  telescope,  till  he  could  explain  the 
nature  of  the  sun,  or  account  for  tfa^  generation  of  Kght.^ 

*  This  topic,  however^  has  of  late  been  much  urged  against  us, 
and  ai|  unfair  advantage  has  been  taken  of  what  Mr.  Play  fair  has 
B»id  upon  it.  What  he  gave  as  mere  conjecture  on  a  subject  of 
collateral  importance,  has  been  argued  upon  as  the  basis  and 
fundamental  doctrine  of  the  system. 

P2d  But 
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But  while  we  remain  in  suspense  as  to  die  prime  eeuM  of  thb 
tremendous  agent,  many  circumstances  of  importance  widi 
r^ard  to  it,  may  lutly  become  the  subjects  of  obaervatioB 
•and  discussion, 
y^?^!^  I*  Some  authors  (I  conceive  throu^  ignorance  of  the  &cts) 
Iwve  alleged,  that  the  fire  of  £tna  and  Vesuvius  is  merely  su- 
perficial. But  the  depth  of  its  action  is  sufficiently  proved,  by 
-the  great  distance  to  which  the  eruptive  iiercussions  are  idu 
tmd  still  more,  by  the  substances  throftn  out  uninjured  by  some 
eruptions  of  Mount  Vesuvius.  Some  of  these,  as  marbk  and 
gypsum,  aie  incapable  in  freedom  of  rositing  the  action  of  fire. 
We  have  likewise  granite,  schistus,  gneiss,  ^and  stones  of  eveiy 
known  class,  besides  maqy  which  have  never,  on  any  other  ec- 
casion,  been  found  at  the  surfiice  of  our  globe.  The  circum- 
itance  of  these  substances  having  been  throvm  out,  nnaifected 
by  the  fire,  proves,  that  it  has  proceeded  from  a  source,  not 
only  as  deep,  but  deeper, ^thap  their  native  beds ;  and  as  ihty 
exhibit  specimens  of  every  class  of  minerals,  the  tbnnation  ef 
T^hich  we  pretend  to  explain,  we  need  inquire  no  further  into 
the  depth  of  the  Vesuvian  fire,  which  has  thus  been  proved  to 
i^ach  below  the  range  of  our  speculations. 

Volcanic  fire  is  subject  to  perpetual  and  irregular  vuriatioos 
of  intensity,  and  to  sudden  and  violent  renewal,  after  long 
periods  of  absolute  cessation.  Tiieso  variations  and  intermis- 
sions, are  likewise  essential  attributes  of  fire  as  employed  by 
Dr.  Uutton ;  for  some  geological  scenes  prove,  that  the  indura- 
ting cause  has  acted  rc|}eatediy  on  the  same  substance,  and 
that,  during  the  intervals  of  that  action,  it  had  ceased  entirely. 
This  circumstance  affords  a  complete  answer  to  an  argumest 
lately  ui^ged  against  the  Huttonian  Theory,  founded  on  the 
waste  of  heat  which  must  have  taken  place,  as  it  is  alleged, 
through  the  surface.  For  if,  after  absolute  cessation,  a  power 
of  renewal  exists  in  nature,  ihe  idea  of  waste  by  continuance 
is  quite  inapplicable. 

The  external  phenomena  of  volcanoes  are  sufficiently  wdl 
known;  but  our  subject  leads  us  to  inquire  into  their  internal 
actions.  This  we  are  enabled  to  do  by  means  ef  the  forgoing 
^experiments,  in  so  fiir  as  the  carbonate  of  lime  is  conceriMil. 

SoQKi 


—  and  tu1]ject 
to  perpetual 
aiul  irregular 
▼aristioas. 
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Some  experimeDtt  which  I  fonncrly  *  kud   before  this  A  loiw  yolciDio 
Society  and.  the  public,  combined  with,  those  mentioned  in  this  ^cl^booiite 
paper,  prove,  that  the  feeblest  ei^eitiope. of  volcanic  fire,  eie  ofiine. 
of  sufficient  intensity  to  perform  the  agghitinatipn,  and  even 
the  entire  fusion,  of  the  carbonate  of  Ume,  when  its  carbonic 
acid  is  effectually  confined  by  pressure ;  for  though  la^va,  after 
its  fusion,  may  be  n\ade,  in  our  experitoents,  to  congeal  i^to  a 
glass,  in  a  temperature  of  l6^  or  18®  of  We4gwood,  in  which 
•temperature  die  carbonate  would  scarcely  be  affected ;  it  must 
be  observed,  that  a  similar  congelation  is  not  to  be  looked  £>r 
in  nature ;  for  the  mats,  even  of  the  smallest  stream  of  lava, 
is  too  great  to  admit  of  such  rapid  cooling.    And|  in  fact,  the 
external  part  of  a  lava  is  not  vitreous,  but  consists  of  a  sub«-  Lavas,  con- 
stance  which,  as  my  experiments  have  proved,  must  have  been  f^^^d^ao*** 
congealed  in  a  heat  of  melting  silver,  that  is,  in  22^  of  Wedg- 
wood ;  while  its  internal  parts  boar  a  character  indicating  that 
they  congealed  in  97^  or  28®.  of  the  same  scale.     It  follows, 
that  no  part  of  the  lava,  while  it  remained  liquid,  can  have 
been  lesa  hot  than  22^  of  Wedgwood.     Now,   this  happens  to 
be  a  heat,  in  which  I  have  accomplished  the  entire  fusion  of 
the  carbonate  of.  lime,  under  pressure.     We  must  therefore 
conclude,  that  the .  heat  of  a  running  lava  is  always  of  suffi- 
cient intensity  to  perform  the  fusion  of  limestone. 

;  In  every  active  volcano,  a  communication  must  exist  be- The  pbenosic* 
tween  the  summit  of  the  mountain  and  the  unexplored  region,  l^i^aow:*!^ 
far  below  its  base,  where  the  lava  has  been  melted,  and 
whence  it  has  been  propelled  upwards ;  the  liquid  lava  rising 
through  this  internal  channel,  so  as  to  fill  the  crater  to  the 
l>rira,  and  fiow  over  it.  On  this  occasion,  the  sides  of  the 
mountain  must  undergo -a  violent  hydrostatical  pressure  out- 
wards, to  wliich  they  often  yield  by  the  formation  of  a  vast 
fOBli  through  which  the  lava  is  discharged  in  a.  lateral  erup<^ 
tion,  and  flows  in  a  continued  stream  sometimes  during  months. 
On  Atna  most  of  the  eruptions  are  so  performed ;  few  lavas 
flowing  from  the  summit,  but  gjcneially  breaking  out  laterally, 
at  very  elevated  stations.  At  the  place  of  delivery,  a  quantity 
of  gaseous  matter  is  propelled  vieiently  upwards,  and,  along 
with  it,  some  liquid  lava ;  which  last,  falling  back  again  in  a 
ppongy  state,  produces  one  of  those  conical  hills  which  we  see 

^  £i<i/i6urg&  IVaaMcf ioa^  vol.  v.  partL  p.  60—66. 
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in  great  Bomber  on  the  nttt  sides  of  Mount  iBtmit  eadi  stufi- 

cating  the  dischaige  of  a  particular  eruption.    At  the  sanis 

time^  a  jet  of  flame  and  smoke  issues  from  the  main  craM, 

proving  the  intcfmal  communication  between  it  and  the  lava; 

this  discharge  from  t)ie  summit  generally  continuing,  in  a 

greatet  or  a  less  degree,  during  the  intervals  between  eruptioM. 

(Fig.  41.  represents  an  ideal  section  of  Mount  jEtna;  mbk 

the  direct  channel,  and  (  c  la  a  lateral  branch.) 

The  prcftsnre  of     Let  US  now  attend  to  the  state  of  the  lava  within  the  momh 

60()fe«.aofli-    igjn^   during  the  course  of  thr  eruption;  and  let  us  aappose, 

quired  to  con-    that  a  fragment  of  limestone,  torn  from  spme  stratum  below, 

•train  the  acid  y^^  {j^^q  included  in  the  fluid  lava,  and  carried  up  with  it.  By 
ef  carpotuite. 

the  laws  of  hydrostatics,  as  each  portion  of  this  fluid  sustain 

pressure  in  proportion  to  its  perpendicular  distance  belfm  tbs 
point  of  discharge,  that  pressure  must  increase  with  the  depth* 
The  specific  gravity  of  solid  and  compact  lava  is  nearly  2.8; 
and  its  weight,  when  in  a  liquid  state,  is  probably  little  dif- 
ferent,   llie- table  shews,  that  the  carbonic  acid  of  hmestoas 
cannot  be  constrained '  in  heat  by  a  pressure  less  than  that  of 
1708  feet  of  sea,  which  corresponds  neariy  to  600  feet  of  ^pad 
lava.     As  soon,   tLcn,  as  our  calcareous  mass  rose  to  withia 
600  feet  of  the  surface,  its  carbonic  acid  would  quit  the  Hmei 
and,  assuming  a  gaseous  form,  would  add  to  the'  eruptive  effer* 
vescence.     And  this  change  would  commonly  begin  in  midi 
greater  depths,  in  consequence  of  the  bubbles  of  carbonic  acid; 
and  other  substances  in  a  gaseous  form,  which,  rising  with  the 
lava,  and  through  it,  would  greatly  diminish  the  weight  of  the 
column,  and  would  render  its  pressure  on  any  particular  spot 
extremely  variable.     With  all  these  irregularities,  however, 
and  interruptions,   the  pressure  would  in  all  cases,   especiaUy 
where  the  depth  was  considerable,   far  surpass  what  it  wunld 
Calctreous       have  been  under  an  equal  depth  of  water.     Where  the  depth 
2J2iS?fcSrio**n  ^  ^^  stream,  below  its  point  of  delivery,  amounted,  then,  to 
ia  the  win-        1708  feet,  the  pressure,  if  the  heat  was  not  of  excessive  inteO" 
'^^*  sity,  would  be  more  than  sufficient  to  constrain  the  carbonie 

acid,  and  our  limestone  would  suffer  no  calcination,  but  would 
enter  into  fusion ;  and  if  the  eruption  ceased  at  that  moment, 
would  crystallize  in  cooling  alopg  with  the  lava,  and  become  ' 
a  nodule  of  calcareous  spar.     Ilie  mass  of  lava,   coDtainiof 
this  nodule,  would  then  constitute  a  real  whinstone,  and  would 

belong 


BT  eovp&xssiofr.  g(y7 

belong  to  the  kind  called  amygdaloid.    In  greater  depths  still*' 
the  pressure  would  be  proportionally  increased,   till  sulphur, 
and  even  water,   might  be  constrained ;  and  the  carbonate  of 
hum  would  continue  undecomposed  in  the  highest  heats. 

Ify  while  the  lava  was  in  a  liquid  state,  during  the  eruption  Salmianae 
or  previous  to  it,  a  new  rent  (rf  e.  Fig,  41.)»  formed  in  Mw  «™F*i«»» 
solid  country  below  the  volcano,  was  met  by  our  stream  (at  dj^ 
it  is  obvious  that  the  lava  would  flow  into  the  aperture  with 
great  rapidity,  and  fill  it  to  the  minutest  extremity,  theril 
being  no  air  to  impede  the  progress  of  the  liquid.  In  this  man* 
ner,  a  stream  of  lava  might  be  led  from  below  to  approach  thm 
bottom  of  the  sea  (ffjt  and  to  come  in  contact  with  a  bed  oC 
loose  shells  Cg  gJs  lying  on  that  bottom,  but  covered  with 
beds  of  clay,  interstratified,  as  usually  occurs,  with  beds  of 
sand,  and  other  beds  of  shells.  The  first  effect  of  heat  would 
be  to  drive  off  the  moisture  of  the  lowest  shell- bed,  in  a  stat« 
of  vapour,  which,  rising  till  it  got  beyond  the  reach  of  the  heat, 
would  be  condensed  into  water,  producing  a  slight  motion 
<>f  ebullition,  like  that  of  a  vessel  of  water,  when  it  begins  to 
boil,  and  when  it  is  said  to  simmer.  The  beds  of  clay  an4 
sand  might  thus  undei^o  some  heaving  and  partial  derange- 
ment, but  would  still  possess  the  ])ower  of  stopping,  or  of  very 
much  impeding,  the  descent  of  water  from  the  sea  above;  s» 
that  the  water  which  had  been  driven  from  the  shells  at  the 
bottom,  would  not  return  to  them,  or  would  return  but  slowly ; 
and  they  would  be  exposed  dry  to  the  action  of  heat.* 

In  tliis  case,  one  of  two  things  would  inevitably  happen.  £i-  and  formation 
ther  the  carbonic  acid  of  the  shells  would  be  driven  off  by  the  ®  *"*  ^^' 
heat,  producing  an  incondensable  elastic  fluid,  which,  heaving 
up  or  penetrating  the  superincumbent  beds,  would  force  its 
way  to  the  surface  of  the  sea,  and  produce  a  submarine  erup* 
tion,  as  has  happened  at  Santorini  and  elsewhere ;  or  the  vo- 
latility of  the  carbonic  acid  would  be  repressed  by  the  weight 
of  the  superincumbent  water  (k  kj,  and  the  shell-bed,  being 
softened  or  fused  by  the  action  of  heat,  would  be  converted 
into  a  stratum  of  limestone. 

*  This  sitaatioo  of  things,  is  similar  to  what  happens  when 
«mail-cuai  is  moistened,  in  order  to  make  it  cake.  The  dust, 
drenched  with  water,  is  laid  upon  the  fire,  and  remaini  long  wet, 
^lijle  the  heat  below  suffers  little  or  no  abatement. 

The 
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'    The  furcgoing  oxpcriments  enable  us  to  decide  in  any  parti- 
tvAvLT  case,  ubich  of  these  two  events  must  take  place,   when 
.   the  heat  of  the  lava  and  the  depth  of  tlie  sea  are  known. 
Application  of       The  tabic  shows,  that  under  a  sea  no  deeper  than  1708  feet; 

the  preceding    ^^j,  onc.third  of  a  milo,  a  limestone  would   be  fonned  by 
c^iipenineiits  to  ^ 

ckterttiiue  the  proper  heatt  and  that,  in  a  depth  of  little  more  than  one  mile, 
^1^^  ®      it  would  enter  into  entire  fusion.     Now,  the  conMnon  sound- 
ings of  mariners  extend  to  200  fathoms,   or  1200  feet.     Lord 
MttlgraYe^  found  bottom  at  4CS0  feet,  or  nearly  nine-tcntbi 
of  a  mile  ;  and  Captain  Ellis  let  down  a  sea-gage  to  the  depth 
It  might  be       of  5346  fect.f     Itthus  appears,  that  at  the  bottom  of  a  set, 
^»Mk)ubre  Uie  ^^^^^  would  be  sounded  by  a  line  much  less  than  double  rf 
usual  depth  of  the  usual  length,  and  less  than  half  the  depth  of  that  tounM 
fo      uiss.        ^y  Loyj  Mulgra\c,  limestone  might  be  formed  by  heat ;  and 
that,  at  the  depth  reached  by  Captain  EU'is,   the  entire  fusioB 
would  be  accomplished,  if  the  bed  of  shells  were  touched  by  t 
lava  at  the  extremity  of  its  course,   when  its  heat  was  lowest 
"Were  the  heat  of  the  lava  greater,   a  graater  depth  of  tM 
m'ould,   of  course,  be  requisite  to  constrain  the  carbonic  acid 
e£R»ctually ;  and  future  experiments  may  deteiminc  uhat  depth 
is  required   to   co-operate  with  any  given  temperature.     It  is 
enough  for  our  present  puiposc  to  have  shewn,   tlmt  the  rrssU 
is  possible  in  any  case,  and  to  have  circumscril)ed  the  necesfii- 
ry  force  of  these  agents  within  moderate  limits.     At  the  ssine 
time  it  must  be  observed,   that  we  have  been  far  from  stretch- 
ing  the  known  facts ;   for  when  we  compare  the  small  extent 
of  sea  in  which  any  soundings  can  be  found,   with  that  of  the 
vast  unfiithomed  ocean,  it  is  obvious,  that  in  assuming  a  depth 
of  one  mile  or  two,  we  fall  very  short  of  the  medium.     M.  de 
la  Place,  reasoning  from  the  phenomena  of  the  tides,  states  it 
as  highly  probable  that  this  medium  is  not  less  than  elevea 
English  miles.t 
Yx^n  depths  If  a  great  part  or  the  whole  of  the  superincumbent  ma« 

would  afford  •       .         .    ,.  .  r         ,  i         .l         i       .       .^ 

the  snine  prcs-  Consisted,  not  of  water,  but  of  sand  or  cluy,  then  the  depth  re* 

*  Voyage  torvards  the  North  Pole,  p.  14*5. 

t  Philosophical  TransactinnSy  1761,  p.  "12. 

t  •*  On  peut  done  regarder  an  mni",*  :  vmmc  tres  probable,  (i*^^' 
**  la  profondeur  nioyenne  de  la  met  :■'■.  '  pas  au-dcssous  dc  qnatrv 
•*  lieues "  De  la  Place,  Hai,  de  f  jx  id.  Roy, des  ^'crenrn,  annrf, 
1776. 

quisitt 
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qujsite  to  produce  these  effects  would  be  lessened,   in  the  4n- surei  agaiait 
verse  ratio  of  the  specific  gravity.    If  the  above-^mcntioned  oc-  j^jJ^'i^^JSiot 
corrence  took  place  undeiC  amass  composed  of  stone  firmly  nan  wer* 
bound  together  by  some  previous  operation  of  nature,   the  ^^J*  ^' 
power  of  tlie  superincumbent  mass,  in  opposing  the  escape  of. 
carbonic  acid,   would  be  very  much  increased  by  that  union 
and  by  the  stiffness  or  tenacit}'  of  the  substance.     Wc  have 
seen  numberless  examples  of  this  power  in  the  course  of  the^  ; 
experiments,  in  which  barrels,   both  of  iron  and  porcehua* . 
who^  thickness  did  not  exceed  one-fourth  of  an  inch,  have 
exerted  a  force  superior  to  the  mere  weight  of  a  mile  of  sea. . 
Witliout  supposing  that  the  substance  of  a  rock  could  in  any . 
case  act  with  the  same  advantage  as  that  of  a  uniform  and 
connected  barrel ;  it  seems  obvious  that  a  similar  power  must, 
in  many  cases,  have  been  exerted  to  a  certain  degree. 

We  know  of  many  calcareous  masses  which,    at  this  mo-  Instance  in 
mcnr,   are  exposed  to  a  pressure  more  than  sufficient  to  ac-  ^hg^^  j^^jg     ' 
c^^mplish  their  entire  fusion.     The  mountain  of  Saleve,  near  prctsure  actu. 
Geneva,  is  500  French  fathoms,   or  nearly  3250  English  feet,*  ^*^*' 
in  height,   from  its  base  to  its  summit.     Its  mass  consists  of 
beds,   lyiiis;  nearly  horizontal,   of  limestone  filled  with  shells. 
Independently,  then,  of  the  tenacity  of  the  mass,  and  taking 
into  account  its  mere  weight,  the  lowest  bed  of  this  mountain, 
must,  at  this  moment,  sustain  a  pressure  of  3250  feet  of  lime- 
stone, the  specific  gravity  of  which  is  about  2.65.     This  pres-. 
sure,  therefore,  is  equal  to  that  of  86 12  feet  of  water,  being 
nearly  a  mile  and  a  half  of  sea,  which  is  much  more  than  ade- 
quate, as  we  liavc  shewn,  to  accomplish  the  entire  fusion  of  the 
carbonate,  on  the  application  of  proper  heat.     Now,  were  an 
einanation  from  a  volcano,  to  rise  up  under  Saleve,   and  to 
penetrate  upwards  to  its  base,,  and  stop  there;  the  limestone 
to  which  the  lava  approached,  would  inevitably  be  softened, 
without  being  calcined,  and,   as  the  heat  retired,   wou^crys- 
tallixe  into  a  saline  marble.     « 

Some  other  circumstances,  relating  to  this  subject,  are  very 
deserving  of  notice,  and  enable  us  still  further  to  compare  the 
ancient  and  modern  operations  of  fire. 

It  appears,  at;  first  sight,  that  a  lava  having  once  penetrated  Anckent  lavas  . 

the  side  of  a  mountain,  all  subsequent  lavas  should  continue,  "^P  "P  "*?*  . 

*  '  passages  tfaio* 

Vol.  XIV. — ^JuLY,  1806.  £e  aawhichothe? 
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•niptiofiii         as  water  would  infallibly  do,  to  flow  through  the  saiM  sptf* 
mi^elM  haT«  ^^      ^^^  ^^^^  j^^  ^  material  difference  in  the  two  casei.     At 

soon  as  the  lava  has  ceased  to  flow,  ^nd  the  heat  has  began  to 
abate,   the  crcricc  through  which  the  lava  had  been  passings 
renwins  filled  with  a  substance,  which  soon  agglatinatea  into  a 
mass,   far  harder  and  firmer  than  the  mountain  itself,     lliii 
mats,  lying  in  a  crooked  bed,   and  being  firmly  welded  le  the 
tides  of  the  crevice,  must  oppose  a  most  powerful  resistance  to 
any  stream  tending  to  pursue  the  same  course«     The  injiiry 
dont  to  the  mountain  by  the  formation  of  the  rent,    will  thus 
he  much  more  than  repaired ;  and  in  a  subsequent  eruption, 
the  lava  must  force  its  way  throup;h  another  part  of  the  mooBF 
Eveotheper«    tain  or  through  some  part  of  the  adjoining  country.     The 
^^tmmy  be      action  of  heat  from  below,  seems  in  most  cases  to  have  kept'ft 
clo^,  as  htp-  diannel  open  through  the  axis  of  the  mountain,  as  appears  bj 
vhuH^^clfa!'  ^^®  snioke  and  flame  which  is  habitually  discharged  at  the  son- 
century,  mit  daring  inter\'als  of  calm.     On  many  occasions,   however^ 
this  spiracle  seems  to  have  been  entirely  closed  by  the  conto- 
lidation  of  the  lava,  so  as  to  suppress  all  emission.     This  hap> 
pened  to  Vesuvius  during  the  middle  ages.    All  appearance  of 
fire' had  ceased  for  five  hundred  years,  and  the  crater  was  co- 
vered with  a  forest  of  ancient  oaks,  when  the  volcaao  opened 
with  fresh  vipjour  in  the  sixteenth  century. 
The  opening  of      The  eruptive  force,   capable  of  overcoming  such  an  obsta- 
many  cases  is    ^^»  "^"^^  ^^  tremendous  indeed,   and  seems  in  some  cases  to 
effected  with     have  blown  the  volcano  itself  almost  to  pieces.     It  is  impossi- 

pIb«ion  and  dis- ^^*^  ^^  ^^®  ^^^  Mountain  of  Somma,    which,  in  the  form  of  a 
ruptiou.  ercscent,  embraces  Mount  Vesuvius,  without  being  convinced 

that  it  is  a  fragment  of  a  lari^e  volcano,  nearly  concentric  with 
the  present  inner  cone,  which,  in  some  great  eruption,  had 
been  destroyed  all  but  this  fragment.  In  our  own  times, 
an  event  of  no  small  magnitude  has  taken  place  on  the  same 
spot;  ihe  inner  cone  of  Vesuvius  havinp;  undergone  so  great  a 
change  during  the  erujHion  in  179+,  that  it  now  bears  no  re- 
semblance to  what  it  was  when  I  saw  it  in  17S5. 
Hence  the  The  general  or  partial  stagnation  of  the  internal  lavas  at  the 

earthquakes       ^j^g^  of  each  eiuption  seems,  then,  to  render  it  necessary*,  that 
Bioa  etuptaoas.  in  every  new  discharge,  the  lava  should  begin  by  making  a  vio- 
lent laceration.     And  this  is  probably  the  cause  of  those  tre^ 
mcndous    earthquakes    which  precede   all  great    eruptions, 

and 


Md  wbich  cease  at  soon  as  the  lava  has  found  a  vent.  It 
#eeiiis  but  reasonable  to  ascribe  like  efiects  to  like  causes,  and 
to  believe  that  the  earthquakes  which  frequently  desolate  cou^ 
itries  not  externally  volcanic^  likewise  indicate  the  protrusion 
from  below  of  matter  in  liquid  fusion,  penetrating  the  mass  of 
rock. 

The  injection  of  a  whinstone-dike  into  a  frail  mass  of  shale  The  varying 
and  saodstoncy  must  have  produced  the  same  effects  upon  it  ^^^^^y^^ 
that  the  lava  has  just  been  stated  to  produce  on  the  loose  beds  of  lavas  to  the 
volcanic  scoria.     One  stream  of  liquid  whin,  having  flowed  ^^j^^,  mtA 
into  such  an  assemblage,  must  have  given  it  great  additional  variety  in  the 
weight  and  strength :  so  that  a  second  stream  coming  like  the  P*»*^">«"«« 
first,  would  be  opposed  by  a  mass,  the  laceration  of  which  would 
produce  an  earthquake,  if  it  were  overcome;  or  by  which,  if  it 
resisted,  the  liquid  matter  would  be  compelled  to  penetrate  som^ 
weaker  mass,  perhaps  at  a  gicat  distance  from  the  first.     The 
internal  fire  being  thus  compelled  perpetually  to  change  the  scent 
of  its  action,  its  influence  might  be  carried  to  an  indefinite  ex- 
Cent  :  So  that  the  intermittance  in  point  of  time,  as  well  as  the 
versatility  in  point  of  place,  already  remarked  as  common  to  the 
Huttonian  and  Volcanic  fires,  are  accounted  for  on  our  princi- 
ples.    And  it  thus  appears,  that  whinstone  possesses  all  the  pn>- 
perties  which  we  are  led  by  theory  to  ascribe  to  an  internal 
lava. 

This  connection  is  curiously  illustrated  by  an  intermediate 
case  between  the  results  of  external  and  internal  fire,  displayed 
in  an  actual  section  of  the  ancient  part  of  Vesuvius,  which  oc- 
curs in  the  Mountain  of  Somma  mentioned  above.  I  formerly 
described  this  scene  in  my  paper  on  Whinstone  and  Lava ;  and 
I  must  beg  leave  once  more  to  press  it  upon  the  notice  of  the 
public,  as  afibrding  to  future  travellers  a  most  interesting  field 
of  geological  inquiry. 

The  section  is  seen  in  the  bare  vertical  cliff,  several  hundred  Remarkable 
feet  in  height,  which  Somma  presents  to  the  view  from  the  f**^  exhibited 

,.    ,        11        .     /.  r  .1      1  •  1    1-      t  «  in  the  vertical    - 

little  valley,  m  form  of  a  crescent,  which  lies  between  Somma  aiffof  Sonuiuu 
and  the  interior  cone  of  Vesuvius,  called  the  Atrio  del  Cavallo, 
(Fig*  42.  represents  this  scene,  done  from  the  recollection  of 
what  I  saw  in  1785.  a  b  c  is  the  interior  cone  of  Vesuvius ; 
dfg  the  mountain  of  Somma ;  and  c  d  e  the  Atrio  dtl  CavelioJ, 
By  means  of  this  cUSQ'd  in  Fig.  42.  and  which  is  represented 

£e2  sepa-> 
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feparatcly  in  Fig.  44.)i  ^e  see  the  internal  structuvB  of  Ae 
mountain,  composed  of  thick  beds  (k  k)  of  loose  scoria,  whick 
have  fallen  in  showers ;  between  which  thin  but  firm   5treaiM 
(mm)  of  lava  are  interposed,  which  have  flowed  down  the 
outward  conical  sides  of  the  mountain.     (Fig.  43.  is  aii  idcil 
section  of  Vesuvius  and  Somma,  through  the  axis  of  the  coim, ' 
shewing  the  manner  in  which  the  beds  of  scoria  and  of  kva 
lie  upon  each  other ;  the  cxtrcmities  of  which  beds  are  icoi 
edgewise  in  the  cliff  at  m  m  and  k  Ar,  Fig.  42.  43.  and  44.) 
KxpUaation.         This  assemblage  of  scoria  and  lava  is  traversed  abruptly  nd 
vertically,  by  streams  of  solid  lava  (n  n,  Fig.  44.)  reaching  ficiB 
top  to  bottom  of  the  cliff.     These  last  I  conceive  to  have  flowsd 
in  rents  of  the  ancient  mountain,  which  rents  had  acted  as  pipci 
through  which  tlie  lavas  of  the  lateral  eruptions  were  conv^ed 
to  the  open  air.     This  scene  presents  to  the  view  of  an  attenOre 
observer,  a  real  s(x:cimen  of  those  internal  streams   which  «B 
have  just  been  considering  in  speculation,  and  they  may  exUfak 
circumstances  decisive  of  the  opinions  here  advanced.     For, if 
one  of  the^  streams  had  formerly  been  connected  with  a'  late- 
ral eruption,  discharged  at  more  than  ()00  feet  above  the  Ainf^ 
del  Cavalh,  it  might  possibly  contain  the  carbonate  of  lime. 
But  could  we  suppose  that  depth  to  extend  to  17 OS  feet,  the 
interference  of  air-bubbles,  and  the  action  of  a  stronger  hett 
than  was  merely  required  for  the  fusion  of  the  carbonate,  mi^ 
have  been  overcome. 
Laricer  scale  of       Perhaps  the  heigiit  of  Vesuvius  has  never  been  great  enotA 
M^t^tna.    ^^^  ^^"^  puri)ose.     l>ut  could  we  suppose  /Ktna  to  be  cleft  4a 
two,  and  its  structure  displayed,  as  that  of  Vesuvius  hasjtot 
been  described,  there  can  be  no  doubt  that  internal  streams  of 
lava  would  be  laid  opsn,  in  which  the  pressure  must  have^iK 
exceeded  the  force  required  to  constrain  the  carbonic  addof 
limestone  ;  since  that  mountain  occa«it)nally  delivers  lavas  Uniln 
its  summit^  placed  10.954-  feet  above  the  level  of  the  Mediter- 
ranean,* which  washes  its  base.  1  recollect  having  seen,  insotet 
parts  of  y£tna,  vast  chasms  and  crags,  formed  by  volcaaiMl- 
volutions,  in  which  vertical  streams  of  lava,  similar  to  thot»«f 
Somma,  were  apparent.     But  my  attention  not  having  bito 
turned  to  that  object  till  many  years  afterwards,  I  have  ctij 
now  to  recommend  the  investigation  of  this  interesting  poiaite 
future  travellers. 

(To  he  concluded  in  our  next, J 
*  rial.  Tram.  tT77,  p.  595. 
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V. 

Instmctioni  for  building  very  strong  and  durable  Walls  and 
Houses  of  any  dimensions  of  common  unprepared  Earthy 
rammed  into  Moulds^  by  the  method  called  Pise,  which  has 
been  practised  from  the  earlies  times  in  the  vicinity  ofLyons^ 
and  elsewhere* 

m 

In  the  year  1791,  a  work  was  published  at  Paris,  by  M.  Strong  and  4*- 
Francois  Cointeraux,  coRtaining  an  account  of  a  method  of  i^gi  of  eaitk 
buiUiing  strong  and  durable  houses  with  no  other  materials  than  ^^^^y* 
earth,  which  has  been  practi^d  for  ages  in  the  province  of 
Lyons.     It  appeared  to  bo  attended  with  so  many  advantagcf, 
that  several  gentlemen  of  England,  who  employ  their  leisure  in 
the  study  of  rural  economy,  were  induced  to  make  trial  of  its' 
■efficacy ;  and  the  event  of  their  experiments  has  rendered  them 
anxious  to  extend,  by  all  possible  means,  the  knowkdge  and 
practice  of  so  beneficial  an  art.     With  a  view  to  promote  this 
-desirable  end,  the  account  contained  in  the  following  pages  has 
been  extracted  from  the  French  work ;  anil  it  will  be  fouod  to 
contain  every  necessar}'  information  by  those. into  whose  hands 
the  original  may  not  have  fallen,  or  who,  being  unacquainted 
with  the  language,  may  have  been  prevented   from  consulting 
it.     The  appearance  of  those  wretched  hovels  which  are  built  The  method : 
with  mud,  in  most  parts  of  Ireland,  will  perhaps  dispose  many  fJi^it  fi»^ 
persons  to  doubt  the  strength  and  durability  of  houses  whose  that  of  makinf 
walls  arc  composed  of  no  other  materials  than  earth.     The        ^"^^m 
French  author  says,  "  The  possibility  of  raising  the  walls  of 
*^  houses  two  or  even  three  stories  high,  with  eailh  only,  which  —and  incpm- 
••  will  sustain  floors  loaded  with  the  heaviest  weights,  and  of  P*'^***^^^'^"'- 
^  building  the  lai^est  factories  in  this  manner,  may  astonish 

•  Extracted  (by  permission)  from  '*  Barber's  Farm  Buildings, 
containing  designs  fur  Cottages,  Farm-houses,  LodgcF,  Farm  yard:*, 
&c.  with  appropriate  scenery  to  each."  London,  printed  for  W. 
Harding,  36,  St.  Jaines*s  Street. 

It  may  be  an  acceptable  piece  of  information  fur  agriculturists 
to  know,  that  Mr.  Harding  has  taken  considerable  pains  to  render 
his  shop  a  repository  of  all  the  works  of  the  first  character  relating 
10  tlie  various  brandies  of  agriculture. 

•*  every 
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**  every  one  who  has  not  been  an  eyewitness  to  SQch  thingi.'* 
But  it  is  hoped  that  a  description  of  this  manner  of  building 
will  sufficiently  explain  the  reason  of  its  superiority. 
Tbe  method.        Pise  is  a  very  simple  operation  :  it  is  merely  by  compressing 
e^Mbte^'pIy  ^^^^  "*  moulds  or  cases,  that  we  may  effect  tbe  building  of 
in  comprcatng  houses  of  any  size  or  height.     This  art,  though  at  present  con* 
S'S»^"'°"'*^  fined  almost  to  the  Lyonese  in  France,  was  known  and  prac- 
tised at  a  very  early  period  of  antiquity,  as  appears  from  a 
It  aopean  to    passage  in  Pliny's  Natural  History,  M.  Goiffin,  who  publisbad 
haareoofidefw  ^  treatise  on  Pis^  in  1772,  is  of  opinion  that  the  art  waa  mac* 
tised  by  the  Romans,  and  then  introduced  into  France :  vd 
Abbe  Rozier,  in  his  Journal  de  Physique,  says,  that  he  has  dis- 
covered some  traces  of  it  in  Catalonia ;  so  that  Spaiut  hhs 
France,  has  a  single  province  in  which  this  ancient  manner  of 
Is  very  econo-  building  has  been  preserved.     The  art,  however,  well  deservtt 
■^^^*^  to  be  introduced  into  more  general  use :  the  cheapneaa  of  the 

materials,  and  the  great  saving  of  time  and  labour  wfaich  it 
afibrds,  must  recommend  it  in  all  places  and  on  all  occasioBS. 
But  the  French  author  says  that  it  will  be  found  pariicularlf 
useful  in  hilly  countries  where  carriage  is  difficult  and  foma- 
timet  impracticable;  and  for  farm  buildings,  which  m  duy 
must  be  made  of  considerable  extent,  are-  usually  veiy  exptth 
•jve. 

Of  the  ImplemenU  necessary  for  building  in  Pis^, 

Aecmmtofthe  Besides  the  common  tools,  such  as  spades,  trowels,  baskets, 
tMb  rcqttltit€  watering-pots,  plumb-rale,  hatchet  and  hammer,  the  only 
lice:    ^^*    implements  required  for  building  in  pise  are  a  mould  and  a 

rammer,  of  which  it  will  be  necessary  to  ^ve  a  particular  dc« 

scription. 

The  following  is  a  list  of  their  several  parts,  as  they  arc  do* 

Uneated  in  Plate  V. 

—they  ere  a     Fig.  1 .  One  side  of  the  mould  seen  on  the  outside, 

viould  aad  a  g.  The  other  side  seen  within. 

3.  Head  of  the  mould  seen  without, 

4.  The  other  face  seen  within. 

5.  Wedges. 

6.  A  round  stick,  called  the  wall-gauge. 

7.  Posts  set  upriglit,  seen  fiat-wise  with  its  tenons^ 
#.  The  same  on  the  edge.. 


Hg.  9*    Joisuin  which  the  mortices  are  cut,  seen  flat. 

10.  The  same,  with  the  side  and  bottom  seen. 

11.  A  Qiottld  put  together,  in  which  are  seen  all  the  parts 

above  mentioned  y  and  a  small  rope. 
<    12.    The .  rammer  (or  pisoir}  for  ramming  the  earth  in  Che 
mould. 
Idi    The  same,  seen  on  its  side. 

.  For  the  construction  of  the  mould,  take  several  planks,  each  Descrif^lioa  ol 
ten  feet  long,  ©f  light  wood,  in  order  that  the  mould  may  be  ***  ■•''*"• 
Ofosy  to  handle.     Deal  is  the  best.     Let  them  be  ploughed  and 
tongued>  or  jointed  close,  and   planed  on  both  sides  of  these 
planks,  fastened  together  with  four  strong  ledges  or  battens  on 
each  side :   the  mould  must  be  made  two  feet  nine  inches  ia 
height ;  and   two  handles  should  be  fixed  on  each  side.     Sec 
Fig.  1.  and  2.     The  head  of  the  mould,  which  serves  to  form 
the  angle  of  the  building,  must  be  made  of  two  pieces  join- 
ed at  the  sides  ;    its   breadth    eighteen  inches,   and  height 
three   feet.     See  Fig.  3.  and  4.,  where  it  will  be  remarked 
that  this  part  of  the  mould  diminishes  gradually  to  the  top,  in 
order  that  the  wall  may  be  made  to  diminish  in  the  same- 
degree. 

All  the  boards  should  be  full  an  inch   thick.     The  wedges— and  itsieve- 
must  be  an  inch  thick,  and  from  eight  to  twelve  inches  long,  ^  ^^"^' 
and  the  gauge,  Fig.  6.  must  be  cut  in  length  equal  to  the  waU 
you  intend  to  erect. 

The  posts  are  to  exceed  the  height  of  the  mould  by  eighteen 
inches.  They  must  therefore  be  about  five  feet  high,  including 
their  tenons  (which  should  be  six  inches  long)  and  three  by 
four  inches  thick. 

The  joists  may  be  three  feet  six  inches  long,  three  inches 
and  a  half  broad,  and  three  inches  thick.  On  the  broad  part 
must  be  made  the  two  mortices  (as  marked  Fig.  9*)  ten  inches 
and  a  half  long,  and  full  an  inch  wide,  and  at  each  end  three 
inches  and  a  half  beyond  the  mortices ;  so  that  the  interval  be- 
tween them  will  be  fourteen  inches. 

For  a  further  explanation,  an  elevati6n  of  the  whole  machine 
is  annexed.  Fig.  11.;  and  the  following  is  a  list  of  the  several 
parts,  in  the  same  order  that  the  workmen  must  follow  when 
they  erect  the  mould. 
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Method  of  fix- 
ing or  using  the 
mould,  between 
wkkh  the  earth 
iftobccom- 


EUvation  of  the  Mould  on  the  WnlL 

A.  Asfoncfoundation,  eighteen  inches  thick. 

B.  Joh^ts  laid  across  the  foundation  wall. 

CG.  The  twoUdesof  the  mould,  including  ^lelwecn  them 
three  inches  of  the  foundation  wall. 

DD.  The  two  upright  posts,  the  tenons  of  which  fit  into 
the  mortices  of  the  joists. 

E.  Wall-gauge  which  fixes  the  width  of  the  mould  at  top, 

and  which  is  shorter  than  the  thickness  of  the 
wall  at  bottom,  to  regulate  the  diminution  of  the 
waif. 

F.  A  small  cord  making  several  turns  round  the  postf. 

G.  A  stick,  which  being  wound  round,  fastens  the  cord, 

and  holds  the  posts  tight  together. 
HIT.  Wedges  which  copter  into  the  mortices  in  the  joistt,  and 
keeps  the  posts  and  mould  firmly  fixed  against 
the  wall. 


—And  of  tak- 
ing it  down. 


The  rammer. 


The  method  of 
working,  ex- 
emplified in  an 
house  con- 
structed of 
earthf 


Such  is  the  process  of  erecting  the  mould.  A  contrary  order 
must  be  bbser\'ed  in  taking  it  to  pieces.  The  rope  must  be 
loosened,  the  wedges  taken  out,  and  the  posts,  mould,  and  joists 
removed,  to  refix  the  whole  again. 

The  instrument  with  which  the  earth  is  rammed  into  the 
mould,  is  a  tool  of  the  greatest  consequence  in  the  formation, 
on  which  the  durability  and  perfection  of  the  work  depends.  It 
is  called  a  pisoir,  or  rammer.  *  An  idea  of  its  construction  may 
be  formed  by  examining  Fig.  1^.  and  13.  better  than  by  words. 
It  $hould  be  made  of  hard  wood,  either  ash,  oak,  beech,  or 
walnut.  t 

Method  of  Working, 

Let  us  not  confound  pis^^  with  the  miserable  way  of  building 
with  clay  or  mud,  mixed  with  straw,  as  practised  through  Ire- 
land. Nothing  can  in  reality  be  more  different.  Those 
wretched  huts  are  built  in  the  very  worst  manner  that  can  be 
imagined ;  whereas  pise  contains  all  the  best  principles  of 
masonry,  together  with  some  rules  peculiar  to  itself.  Fig.  14. 
and  15.  represent  the  elevation  and  plan  of  a  house,  the  building 
of  which  will  be  regularly  described,  according  to  the  method  of 
pis6. 

Tht 
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The  foundation  must  be  of  masonry,  eighteen  inches  thick,  ^on  a  low 
vid  may  be  nuM^d  to  a  foot  or  eighteen  inches  above  tHe  jQatonrr. 
{round  ;  which  is  necessary,  to  secure  the  walls  from  moisture 
orspUish.     Mark  upon  them  the  distance  at  which  the  joists 
are  to  be  set  for  receiving  the  mould;     These  should  be  thrcti 
feet  each,  from  centre  to  centre.     This  will  leave  six  inches  at 
each  end,  which  serve  to  lengthen  the  mould  at  the  angles  of  the 
house.     After  having  set  the  joists  in  their  places,  the  masonry 
most  be  raised  between  them,  six  inches  higher  than  the  upper 
tide  of  the  joists,  "^aiae  the  mould  immediately  on  the  masonry.  The  mould 
as  described,  placing  it  over  one  of  the  angles  of  the  wall.  The  "*'^ 
head  of  it,  which  is  to  be  placed  against  the  angle,  should  haVe 
eighteen  inches  in  breadth  at  the  bottom,  and  only  seventeen 
inches  and  a  half  at  top.     Thus  the  sides  of  the  moulds  will 
incline  towards  each  other,  and  produce  the  necessary  diminu* 
tion.     The  wedges  must  thon  be  driven  in,  the  posts  ^ell  fixed 
by  cords,  and  the  head  of  the  mould  secured  by  iron  pins. 

A  workman  should  be  placed  in  each  of  the  three  divisions  Thi«eworkm«D 

of  the  mould,  the  best  workman  at  the  an^^le.    He  is  to  direct  l["!l!!^:l?f  j^ 
'  c>  sane  timet  19 

the  work  of  the  other  two ;  and  by  occasionally  applying  a  the  length  of 
plumb-nile,  to  take  care  that  the  mould  docs  not  swcr>'e  from  *""'•*'*  "*• 
its  upright  position.  The  iul)ourers  who  prepare  the  earth 
must  give  it  in  small  quantities  to  tlie  workmen  in  the  mould, 
who,  after  having  spread  it  with  their  feet,  begin  to  press  it 
with  the  rammer.  I'hey  must  only  receive  so  much  at  a  time 
as  wiil  cover  the  bottom  of  the  mould  to  the  thickness  of  tliresr 
€»r  four  inches.  The  first  strokes  of  the  rammer  should  be  MMbo4  of 
^ven  close  to  the  sides  of  the  mould,  but  ihey  must  be  after-  ^  ^'' 
wards  applied  to  every  other  part  of  the  surfiEice.  The  roea 
ahould  then  cross  their  strokes,  so  that  the  earth  may  be  press- 
ed in  every  direction.  Those  who  stand  next  to  one  another 
10  the  mould,  should  regulate  their  strokes  so  as  to  beat  at  the 
tame  time  under  the  cord  ;  becau^  that  part  cannot  be  got  at 
without  difficulty,  and  must  be  struck  at  obliquely.  With  this 
■precaution,  the  whole  will  be  equally  compressed.  The  man 
at  tlic  angle  of  the  Mall  should  beat  carefully  against  the  bead 
of  the  mould ;  and  to  encrease  the  strength  of  the  building,  it 
is  usual  to  spread,  every  six  inches  high,  a  layer  of  mortar  near 
the  head.  Care  must  be  taken  that  no  fresh  earth  is  received 
Vol.  XIV.-— July,  1806.  F  f  into 
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into  the  mould  till  the  first  layer  is  well  beaten,  which  ma/be 
ascertained  by  striking  it  with  thd  rammer.    The  stroke  should 
leave  hardly  any  print  on  the  place.     They  must  proceed  in 
this  manner,  to  ram  in  layer  after  layer,-  till  the  whole   mould 
Wh^n  the  rim*  it  full.     When  this  is  done,  the  mould  may  be  taken  to  piecret, 
plete,  the  earth  ^"^  ^^^  earth  which  it  contained  will  remain  firm  and  uprigjbt^ 
if  quite  firm,     about  nine  feet  in  length,  and  two  feet  and  a  half  in  heights 
The  mould  may  then  be  replaced  for  another  length,  i])clttd- 
ing  one  inch  of  that  which  has  first  been  completed..     The  re-* 
gular  manner  of  joining  the  different  lengths  may  be  seen  in  tie 
geometrical  elevation.  Fig.  1 4.  Pl.VI.,  where  it  will  be  observed 
that  no  joints  are  left  in  this  work,  as  the  different  lengths  are 
united,  and  made  to  press  one  u|>on  the  other.     In  the  second 
length,  and  nwst  of  the  following,  the  head  of  the  mould  is  use- 
less ;  it  is  only  made  use  of  at  the  angles. 
Partition  walls.      When  the  workmen  have  gone  round  the  building,  they  must 
begin  upon  the  partition-walls,  where  the  head  of  the  mould 
must  be  used  to  form  the  door-jambs. 
SabMqoent  Tlie  first  course  being  thus  completed,  we  proceed  to  dit 

•rtiofiriD*^  second ;  and  in  each  successive  course  we  must  proceed  in  a 
that  na  time  it  direction  contrary  to  that  of  the  preceding.     It  may  easily  be 
flalf  them  to'be.  Conceived,  that  with  this  precaution  the  joints  of  the  several 
eome  iodura*    courses  will  be  inclined  in  opposite  directions,  which  will  con* 
connes  may  be  trihutc  very  much  to  the  firmness  of  the  work.     There  is  no 
raisedinaday.  feason  to  fear  overcharging  the  first  course  with  the  second, 
though  but  just  laid ;  for  three  courses  may  be  laid,  without 
danger,  in  one  day.     Mark  tlie  grooves  for  receiving  the  jcusti 
in  the  first  course,  at  the  distance  of  three  feet  from  each  other, 
but  not  immediately  over  the  former  grooves,  but  over  the 
middle  points  between  them.     See  Fig.  14.      These  grooves 
must  be  cut  for  the  joists,  and  the  second  course  completed  as 
the  former,  except  that  it  must  proceed  in  a  contrary  direc- 
tion, and  the  head  of  the  mould  and  wall-gauge  must  be  di- 
.miniMied,  in  order  that  the  same  inclination  of  the  sides  to 
each  other  that  was  given  to  the  first  course  may  be  preserved 
in  this  second* 
Couiiftction  of       It  must,  however,  be  remarked,  that  this  second  course  is 
witif  the  tide-   ^^^  ^®  ^  continued,  without  interruption,  like  the  first,  as  it  is 
waUf.  necessary  that  the  partition-wall,  should  join  or  bind  into  tke 

exicrior  wall|  or  rather  that  all  waUi  in  the  building,  whether 

outsids 
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tKitside  or  partition-walls,  which  meet  at  an  angle,  should  cross 
each  other  at  every  course.  In  pursuance  therefore  of  this 
nilcy  when  the  work  has  been  advanced  from  A  to  C.  Fig.  15* 
leave  the  exterior  wall,  and  turn  the  mould  to  the  partition. 
When  the  work  has  been  carried  on  along  the  partition-wall  to 
ks  termination,  bring  back  the  mould  to  the  part  which  re- 
mained unfinished  in  tlie  exterior  wall  marked  C ;  and  after 
baling  filled  up  that  space,  carry  on  the  mould  beyond  the 
partition- wall  and  complete  the  course. 

This  description  of  the  two  first  courses  is  equally  applicable 
to  all  the  other,  and  will  probably  enable  any  person  to  build 
a  house  i^ith  no  other  material  than  earth,  of  any  height  and 
extent  he  pleases. 

With  respea  to  the  gables,  they  cannot  he  crossed,  as  they  The  gable  cndk 
an*   detached  from  each  other;    but  as  their  height  is  so  in- 
considerable, and  they  are,  beside,  connrccted  together  by  the 
roof,  this  is  not  of  any  consequence. 

It  has  b'jen  observed,  that  each  course  will  be  two  feet  and 

A  half  high,  if  the  mould  be  two  feet  nine  inches;   for  the 

mould  must  iiKrludc  three  inches  of  the  course  beneath.     For 

jtfais  reason  the  grooves  arc  made  six  inches  deep,   though  the 

joists  are  only  three  inches  in  thickness. 

Such  is  the  method  of  building  which  has  been  practised  by  Hoiwes  built  la 
.,      •  -  .  ,,  .       ,    .,  thii  manner 

the  Lyonesc  for  many  centuries.    Houses  thus  built  are  strong,  are  very  dura- 

liealthy,  and  very  cheap.  They  will  last  a  great  length  of  time :  *>*«• 
for  the  French  author  says  he  had  pulled  down  some  of  them, 
which,  from  the  title  deeds  in  the  hands  of  the  proprietors,  ap- 
peared to  be- above  a  century  old.     The  rich  traders  of  Lyons 
have  no  other  way  of  building  iheir  country-houses.     An  out-  The  outside 
side  covering  of  painting  in  fresco,  wiiich  is  attended  with  very  ^^o******* 
little  expence,  conceals  the  nature  of  the  building,   and  is  a 
handsome  ornament  to  the  house.     That  method  of  painting 
has  more   freshness  and  brilliancy  than   any  other,    because 
water  does  not  impair  the  colours.     No  size,   oil,  or  expence 
is  required ;    manual  labour  is  almost  all  it  costs,  with  a  little 
red  or  yellow  ochre,  or  other  mineral  colours.* 

*  I  would  recommend  tlic  outside  to  be  plastered  and  pebbled  piaster  ani 
handsomely,  or  rough-cast,  as  painting  in  fresco  is  not  understood  pebblct  rerom 
in  tl  is  country ;  and  the  other  method  would  have  a  greater  neat-  outside 
nesfi.    The  interior  to  be  plastered  as  common. 

F  f  2  Strangers 


220  eHIAt   AVD   BURABLB   STEVeTVEEB.' 

.  Slr&iigers  who  have  sailed  upon  the  Rhone  probably 

Itispecteri  that  those  beautiful  houses  which  they  saw  liaing  pQ 

the  hills  around  them,  were  built  of  nothing  but  earth. 

Many  advAii-        There  is  every  reason  for  introducing  this  method  of  build* 

ri^J  from  t£  ^^  ^^^^  ^'  parti  of  Ireland :   whether  ^e  consider  the  honour 

m  liner  of        of  the  nation  as  concerned  in  the  neatness  of  ita  villafQes,  and 

*°'^*  the  consequent  health  of  the  inhabitants,  to  which  it  will  greatly 

Contribute  (as  such  houses  are  never  liable  to  the  extremes  of 

%  heat  or  cold),  or  whether  wc  regard  the  project  on  an  cconcHoi- 

oal  or  an  expeditious  scale,  by  saving  both  time  and  labour 
in  building,  and  rendering  the  houses  thus  built  almost  imme* 
diately  inhabitable  after  they  are  finished ;  for  which  latter 
purpose,  the  hoieb  made  for  the  joists  should  not  be  closed  up 
directly,  but  left  for  the  air  to  dry  the  walU  more  speedily. 

Method  of  forming  the  openings  for  Doors  and  fVindowsi 

How  the  dooi        '^^^  opc^nings  for  the  doors  and  windows  must  be  left  at  the 

and  window-     ^ime  of  building  the  walls.  This^may  be  done  by  placing  within 

m^.  ^^  mould  eitlier  two  or  one  of  the  heads,  wherever  the  wall  il 

to  terminate,   and  the  o])cning  commence.     They  should  be 

made  sloping  a  little,  in  order  to  leave  room  for  the  frames  and 

sajshes. 

On  the  description  of  cofvprcssed  Earth, 

Bxperimentf         After  beating  a  small  portion  of  earth,  it  was  found  to  weigh 
which  Bhcw  the  thirty-nine  pounds  and  a  half.     Fifteen  days  afterwards  it  had 
lost  four  pounds  and  a  quarter.     In  the  space  of  another  fif- 
teen days,  it  lost  but  one  pound  ;  and  in  fntcen  days  after  that, 
Infortsr-five     it  diminished  only  half  a  pound.     In  the  space  of  forty-five 
med  *^***th*?'   *^y®  ^^  moisture  was  completely  evaporated,  and  it's  weight 
^dry^  and  loses   was  diminished  about  onc-eig1:th.     This  small  portion  of  mois- 
^'"'hth'^*"  ture  cannot  at  all   afi'cct  the  solidity  and  consistency  of  the 

earth  so  treated.  This  experiment  is  also  sufficient  to  shew 
the  difference  between  this' kind  of  building  and  that  vulgar 
kind  called  in  Ireland  "  Mud-walling.'*  The  latter  cannot 
be  executed  without  adding  a  great  deal  of  water,  which  occu- 
pies a  considerable  space  in  the  mud,  and  leaves,  on  evapora- 
ting an  infinite  number  of  pores  or  little  cavities ;  and  thus  the 
walls. become  weak  and  brittle,  and  incapable  of  supporting 
IQUch  weight,,  as  beaten  earth  or  pise  can  sustain. 

In 
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In  a  single  day  three  courses  may  be  laid»  one  over  the  One  «tory  mMj 
other,  so  that  a  wall  of  eight  or  nine  feet,  or  one  story  high,  ^^j 
may  be  raised .  in  one  day.  Experience  has  proved,  that  as 
soon  as  raised  to  a  proper  height  for  flooring,  the  heaviest 
beams  and  rafters  may,  without  danger,  be  placed  on  the  walls, 
and  that  the  thickest  timber  of  a  roof  may  be  laid  on  the 
gables  the  instant  they  are  completed* 

On  Earth  proper  for  PiiL 
Fint, — All  earths  in  general  are  fit  for  that  use,  when  they  J^^ldSaji  miy 
have  not  the  lightjiess  of  poor  lands,  nor  the  stiffness  of  clay.       ^^rth  not  to9 

Secondly,— All  earths  fit  for  vegetation,  Ug^wtoQ 

—  stiff* 

Thirdly,— Brick  earths. 

/Fourthly,— Strong  earths,  with  a  mixture  of  small  gravel, 

which  for  that  reason  cannot  ser\'e  for  making  either  bricks, 

tiles,  or  pottery,  but  make  the  best  pis^. 

The  following  appearances  indicate  that  the  earth  in  which  How  to  ctai% 
"     '  •  the  kind  uf 

Ihey  are  found  is  fit  for  building.     When  a  pick-axe,  spade,  or  ^,||^ 

plough  brings  up  large  lumps  of  earth  at  a  time ;  when  arable 
lands  lie  in  clods  or  lumps;  when  field-mice  have  made  them- 
selves subterraneous  passages  in  the  earth  ;  all  these  are  favor* 
able  si^us.  When  tiie  roads  of  a  village,  having  been  worn  away 
by  the  water  CinUinually  running  over  them,  arc  lower  than  the 
other  lands,  and  the  sides  of  those  roads  support  themselves 
ifthnost  upright,  it  is  a  sure  mark  that  the  pise  may  be  executed 
uk  that  village. 

Proper  earth  is  found  at  the  bottom  of  the  slopes  of  low  — a^d  to  ha- 
•       1      1  111  1         •      .    •        prove  it  if  r%* 

lands  that  are  cultivated,    because  every  year  the  rain  brings  quired. 

down  the  g'>od  earth.     It  is  also  found  on  the  banks  of  rivers. 

)f  the  earth  to  be  had   is  not  quite  fit,    it  inuy  be  mixed  to 

.inake  it  so.   Strong  earths  must  be  tempered  with  li|;ht ;  those 

in  which  clay  predominates,    with  others  composed  more  of 

chalk  and  sand  ;  und  those  of  a  rich  subbtancc  with  others  of 

a  poor  nature.     It  will  not  be  amiss  to  mix  with  the  earth 

tome  small  pebbles,  gravel,   rubbish  of  mortar,  or  any  small 

mineral  substances ;  but  none  of  the  animal  or  vegetable  kind 

must    be   admitted.     Such   hard  substances  bind   the  earth  The  old  \ra1ls 

firmly  betwieen  them  ;   so  that  a  well  worked  earth,    in  which  "[^^^   ^     **^ 

there  is  a  mixture  of  gravel,   becomes  so  hard  at  tlie  end  of 

two  years  that  u  chisel  must  be  used  to  break  k,  as  if  it  were 

freestone. 

Expert* 
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Experiments  to  ascertain  the  qualities  of  an^  Earth, 
Simple eir|Mn-      Take  a  small  wooden  tub  without  a  bottom,  dig  a  hole  in  the 
tShe'^odnen'^  ground,  fijc  a  piece  of  stone  or  flag  at  the  bottom,  place  ibc 
of  any  earth      tub  upcm  the  stone,  fill  round  it  the  earth  you  dug  out  and 
^"^^  ram  it  well  to  prevent  the  tub  from  bursting ;  then  ram  into 

the  tub  the  earth  you  int/end  to  try,  a  Uttle  at  a  time,  as  de- 
scribed. When  the  tub  is  full,  loosen  the  earth  around  iA  and 
take  it  out  with  the  compressed  earth  in  it,  then  turn  tlA  tub 
upside  down,  and  the  pis^  will  come  out*  If  not  iramediBely, 
let  it  stand  to  dr}%  and  it  will  fall  out  of  itself.  Leave  thepiitip 
to  stand  some  time;  and  if  it  d'o  not  crack,  but  incrcfw  in 
hardness,  it  is  tit  for  building.  This  experiment  mw  be  made 
in  a  small  box,  in  the  hand.  Every  person  in  walkins;  over  his 
groum's  may  make  little  balls  of  eurth,  and  prc^s  them,  as 
firmly  as  he  can,  between  Iw?  V.audf.  If  he  brings  them  ht>ine, 
and  puts  marks  on  them,  he  will  by  that  means  know  the 
quality  of  every  piece  of  land,  und  also  be  a  judge  of  the 
mixture  it  will  be  m»cessary  to  make. 
flimplieity  of  All  the  operations  of  this  art  are  simple  and  easy,  Itiere  is 
*^  ■**•  nothing  to  be  done  but  to  dig  up  the  earth,  break  the  clod^ 

with  a  shovel,  and  to  lay  it  in  a  heap>  where  the  large  )unip5 
are  to  bo  drawn  away  by  a  rake,  in  which  there   may  be  in- 
tervals of  an  inch  and  a  quarter  between  the   teeth,   that  the 
stones  and  pebbles,  of  the  size  of  a  walnut,  may  remain. 
Binders  or  It  is  necessary  to  lay  in  binders  or  bonds  when  the  flnt 

b^i^piecesof  ^^p.^  jg  laid  and  the  mould  fixed  for  the  succeeding  one.  Lay 
in  at  the  bottom  of  it  a  board,  rough  from  the  saw,  about  five 
or  six  feet  long,  eight  or  nine  inches  broad,  and  about  an  inch 
thick.  There  will  be  some  inches  of  earth  on  each  side, 
by  the  wall  being  so  much  thicker.  This  will  entirely  conceal 
the  board  in  the  wall  and  prevent  its  rotting.  In  the  next 
course,  or  in  the  middle  of  the  mould,  there  may  be  short  ends 
of  boards,  laid  across  so  that  they  shall  not  come  through,  but 
be  concealed  also  in  the  wall.  Tiiesc  may  be  at  two  or 
three  feet  intervals,  and  crossing  each  other  at  the  angles.  This 
will  serve  much  to  equalize  the  pressure.  When  the  wall  is 
completed  to  the  height  of  a  story,  hoards  of  three  or  four  feet 
in  length  should  be  placed  on  the  pise,  in  thohC  places  where 
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(lie  beams  and  rafters  are  to  be  fixed,  which  may  be  laid  on 
u  soon  as  the  mould  no  longer  occupies  that  place. 

With  respect  to  walls  for  very  large  enclosures,  there  may 
be  two  moulds  and  two  sets  of  workmen  to  expedite. 

Beside  the  advantage  of  strength  and  cheapness,  this  me-  Facts  which 
thod  of  building  possesses  that  of  speed.     To  give  an  idea  o^^7tiom4vtW» 
the  time  that  is  necessary  to  build  an  house  or  an  enclosure,  a  idndof  baild- 
mason. used  to  the  work,  can,  with  the  help  of  his  labourer,  ^*  *•  P****"*" 
build  in  one  day,  four  square  yards,  or  thirty-six  square  feet 
of  pise ;  therefore  six  men,  which  is  the  necessary  number  to 
work  the  mould,  will  build  in  one  day,  twelve  square  yards,*^ 
or  one  hundred  and  eight  square  feet ;  or  in  one  week,  six  hun- 
dred and  forty-eight  feet.     By  this  it  is  easy  to  calculate  the 
time  necessary  for  building  a  house  or  wall  of  any  dimensions. 
These  facts,  which  have  been  proved  by  numberless  instances, 
afibrd  a  criterion  by  which  every  one  may  determine  the  time 
that  his  house  qt  wall  will  take  in  buildings  having  first  ascer- 
taiiMMl  the  number  of  fcet  it  will  contain.   Thus  if  he  wishes  to  Six  men  win 
have  a  wall  bailt  fi\e  hundred  and  forty  feet  long,  and  six  feet  ^  ^.ij^iii^^n 
bigh,  with  one  mould  and  six  men,  it  will  finish  eighteen  feet  feet  loag:  f  nd 
ruiuiiiig  measure,  or  one  hundred  and  thirty-eight  square  feet  "*  ^^ 

In  a  day.  It  will  be  completed  in  thirty  days,  comprehending  in 
the  whole,  three  thousand  two  hundred  and  forty  square  feet.f  Three  thoannd 
As  to  the  expence,  it  being  only  the  labour,  except  the  mould  ^^^  hundred 
and  the  materials  (scarcely  any  thing),  the  ^vq  common  la-  square  feetibr 
bourers  at  Is.  per  day,  and  the  conducting  builder  at  2s.  makes  Ij^jjjjjjj^"* 
7s.  per  day.     It  will  be  finished  for  ^10.  10s. 

The  plastering  and  rough-casting  or  dashing,  should  not  be  Platteriof,  Isc. 
done  for  &ve  or  six  months  after  the  walls  are  built ;  and  they 
ihoold  always  be  built  between  the  months  of  March  and 
October  inclusive.     To  prepare  the  walls  for  plastering,  indent 
them  closely  with  tlie  |H)int  of  a  hammer  or  hatchet. 

*  This  is  the  calculation  as  translated  from  M.  Cointeraux ; 
whidi  to  render  more  familiar  to  building  in  this  country,  is  three 
'iod  a  half  perches. 

t  One  hundred  and  four  perches. 

VI. 
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Consider  atlcfnt  on  the  Oxidation  of  Met  ah  in  general^  and  ok 
that  of  Iron  in  particular.    By  M .  T  u  E  N  a  K  D  .* 

l>cgMofoxi-   A  HE  object  of  the  author  in  this  memoir  is  to  show,  that 
tftbconalantl    ^^®  degrees  of  oxidation  in  metals  are  constant,  and   deter- 
detenninable     minable  particularly  by  the  nature  and  properties  f)f  the  salt) 
SLv  Ibmi  and  ^^^y  form.     These  different  degrees  of  oxidation  are  frequenlljr 
Bnmeroiui.         pretty  numerous,  as  in  antimony ,  iron,  and  manganese. 
Cbloortofine-       He  adverts  to  the  principle  but  lately  known  to  chemists, 
talBc  nits  do    jjjut  the  colours  of  salts  do  not  always  indicate   those  of  the 
Viose  of  the       metallic  oxides  they  include  ;  and  this  principle  he   applies  to 
oxiJ^  they       i^e  study  of  tl^  different  oxides  and  sulphates  of  iron.  Though 
Iron  hat  no       ^^  does  not  admit  the  existence  of  the  yellow  oxide  of  iron, 
jeDowoxide»     which  has  been  adopted  from  the  observation  of  some  yeBow 
salts  of  this  metal ;  he  distinguishes  in  it  three  degrees  of  oxidt- 
knt  green,  red,  tion,  namely,  the  green  oxide,  the  red  oxide,  and  a  third  made 
and  white.        kno^vn  by  M.  Thenard  himself,  which  is  white,  and  less  oxidcd 
than  either  of  the  other.     This  is  the  first  obtained,  when  wc 
decompose  a  fresh  solution  of  sulphate  of  iron  by  means  of  an 
alkali.     On  this  occasion  wo  sec  a  white  oxide  thrown  down, 
which  quickly  turns  green,  and  even  red,  by  absorbing  oxi- 
gen. 
Each  oxide  This  white  oxide  is  capable  of  producing  two  different  sol- 

prodacestwo  phates  by  combining  with  two  different  proportions  of  sulphuric 
miSing  six  in  acid  :  and  as  these  two  degrees  of  saturation  are  equally  capa- 
•^  ble  of  takina;  place  with  each  of  the  other  oxides,  wc  have  six 

sulphates  of  iron,  observes  M.  Thenard,  very  distinct  from  each 
other,  and  of  importance  to  be  known,  on  account  of  the  «ri- 
ous  and  delicate  uses  to  which  this  salt  is  applied  in  the  arts. 
The  following  are  the  names  and  characters  of  these  six  sul- 
phates : 
Acidulous  lot-  1.  Acidulous  sulphate  of  white  iron.  This  is  the  irhit^ 
phateo  white  ©xide  just  mentioned,  combined  with  a  little  sulphuric  acid  in 
excess.  Its  colour  is  a  deep  bottle-green.  It  is  the  sort  most 
common  in  the  shops. 

*  Bulletin  da  Scitncct,  August,  1805,  p.  923. 

2.  Aai 
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9.  Acid  sulphate  of  white  iron.  This  is  of  an  emerald  green.  ^^^  sulphau 
_  ,  r      .  ,  ,..,.of  white  iron. 

it  contains  a  much  greater  excess  of  acid,  and  is  rejected  in 

almost  all  tiie  arts  in  which  sulphate  of  iron  is  employed.  The 
acidulous  may  be  converted  into  the  acid  sulphate  by  the  addi- 
tion of  a  little  sulphuric  acid  ;  and  the  acid  sulphate  may  be 
converted  into  the  acidulous  by  heating  it  with  iron  fihng^. 

Alkalis  precipitate  t>oth  these  sulphates  white  :  substances  Common  cha- 
that  easily  part  with  tBcir  oxigen,  as  oxigenatcd  muriatic  acid,  ractrn.. 
air,  water,  &c.  decompose  them,  and  precipitate  a  green  or 
red  oxide. 

3.  Acidulous  sulphate  of  green  iron.  This  is  made  by  com-  Acidoloat  sol* 
bining  sulphuric  acid  with  green  oxide  of  iron.  This  salt  does  PJJ**  ^'•** 
not  crystallize;  and  is  red,  notwithstanding  the  green  colotur  of 

its  oxide. 

4.  Acid  sulphate  of  green  iron.     Tliis  is  nearly  colourless.  Arid  sulphate 
It  is  obtained  by  the  addition  of  a  little  sulphuric  acid  to  the  ^  "^^ 
preceding  sulphate;  and  crystallizes,   though  with   difficulty. 

The  crystals  a|>proach  the  emerald  green  of  the  acid  sulphate  of 
white  iron;  arc  neither  efflorescent  nor  deliquescent;  and  ab» 
sorb  the  oxigcnofthe  atmosphere  but  slowly. 

Both  these  sulphates  arc  precipitated  green  by  alkalis :  the  Cprmnon  cha- 
iron  they  contain  is  converfed  into  the  state  of  white  oxide  "^   "* 
by  the  addition  of  iron  filings,  and  to  that  of  red  oxide  by  oxi- 
genated  muriatic  acid. 

5*  Acidulous  sulphate  of  red  iron.  M.  Thenard  calls  this  Acidulous  sul- 
also  neutral  sulphate  of  highly  oxided  iron.    It  is  yellow,  com-  P  **^® 

r  o    J  m  J  r  iron,  or  neu- 

plctcly  insoluble,  and  consequently  incapable  of  being  crystal-  ^  a)  su'ph^te  of 
lized.     It  precipitates  in  the  form  of  a  yellow  powder  from  so- j^^^  oxided 
lutions  of  the  acidulous  sulphates  of  white  or  green  iron.     This  Mmtaken  for  a 
salt  has  bt?en  taken  for  a  yellow  oxide  of  iron,  different  from  the  ^®  ^"^  oxide. 
red  and  the  gr^eh. 

6.  Acid  sulphate  of  red  iron.     This  is  obtained  by  dissolving  Acid  sulphata 
red  oxide  of  iron  in  sulphuric  acid  diluted  with  water.     It  con-  ^^^^  ""*°* 
tains  a  greater  excess  of  acid  than  the  other  two  acid  sulphates ; 
is  almost  colourless,  but  assumes  a  pretty  deep  red  ifit^  excess 
of  acid  be  saturated  by  potash  ;  and  does  not  crystallize. 

Such  are  the  principal  properties  of  the  six  sulphates  of  iron  Most  of  the 
ilistinguished  by  M.  Thenard.     Most  of  the  other  acids  act  *^'»«>' "P'ds  »<^ 
nearly  in  the  sam€  manner  on  iron,  and  the  three  degrees  ofg^„,jj*jniyjn^ 
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oxidation  of  iron  mentioned  above  are  equally  observable  in  tlic 

gallntes  and  prussiates  of  this  metal. 

Oaltotet  of  TIic  gallate  of  white  iron,  which  may  be  obtained  by  dccom- 

*'•"•  '  posing  the  deep  green  sulphate  of  iron,  is  itself  colourless :  the 

gaMate  of  green  iron  is  blue  :  the  gallate  of  red  iron  is  black. 

They  may  also  be  obtained  by  decomposing  the  acidulous  or 

acid  sulphate  of  green  or  red  iron  by  means  of  the  gallic  acid. 

PrmimteB  itill       The  combinations  of  iron  with  the  prussic  acid  exhibit  much 

more  name-      j^^j.^  numerous  varieties,  which  depend  not  only  on  the  differ- 

Awiug  to  the      cnt  oxides  of  iron  already  mentioned,   but  on  the  greater  or 

iiMllhi  nf      •™*^^®'^  quantity  of  acid,  and  on  the  presence  of  the  pnissiate 

potash.  of  potash  that  may  remain  combined  with  theprussiate  of  iroo. 

FniMiate  of  "^^^  pnissiate  of  white  iron  is  that  in  which  the  iron  is  in  the 

white  Iron.       state  of  white  oxide,  and  the  oxide  is  in  excess,   owing  to  the 

excess  of  alkali  contained  in  theprussiate  of  potash* 

Gfeen  pnusi-        The  prussiate  of  green  iron  is  the  same  pnissiate  as  the  pre* 

ate  of  iron.       ceding  without  excess  of  oxide.*     They  both  contain  too,  as 

M.  Berthollet  has  shown,  prussiate  of  potash,  which  is  strongly 

adherent  to  them. 

Pnit«iatet  of         From  the  ferruginous  salts  with  bases  of  green  and  red  oxides 

P^n  ava         ^^  .^^^  ^^  prussiates  each  are  equally  obtainable,  one  with, 

and  the  other  without  excess  of  oxide.  The  prussiates  obtained 

with  the  green  oxide  are  blueish  ;  those  with  the  red  oxide  are  of 

a  fine  blue.     The  six  prussiates  above  mentioned,  are  capable 

of  exhibiting  farther  varieties  in.  consequence  of  the  pnissiate  of 

potash  they  may  contain. 

Improrementf       M.  Thenard   concludes  his  memoir  with   proposing  some 

in  mannfiictur-  qicans  of   improving  the  fabrication  of  prussiate  of  iron,  or 

blue.  prussian-blue.     These  consist,  1st,  in  turning  |to  account  the 

great  quantity  of  ammonia'  formed  by  the  calcination :  2d, 

in  employing  the  most  advantageous  proportii»:i  .  of   potash, 

which  appears  to  consist  in  equal  parts  of  blood  and    alkali : 

3d,  in  adding  iron  during  the  evaporation,  which  facilitates  the 

formation  of  the  prussiate  of  potash  :  4th,  in  causing,the  pnisii* 

ate  of  potash  to  crystallize. 

*  Either  M.  Thenard  here  departs  from  the  principles  f»f  his 
nomenclature  and  means  to  call  this  the  green  prusdatt  ofinm;  or 
the  abridge!'  of  his  memoir  has  fallen  into  some  qiistake.   T. 
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Abstract  of  a  Memoir  on  the  Dyts  obtained  from  different 
Species  of  Clubmossy  Lycopodium.  Translated  from  the  Sroe* 
dish  of  Dr.  J.  F.  Westking,  of  Nordkoeping,  PhysiMk 
to  the  King  of  Sweden,  6^£uo£N£  Coqvebert.* 

j1  HE  numerous  experiments  Dr.  Westring  has  made  on  the 
colouring  properties  of  lichens,  and  the  interesting  discoveries 
that  have  resulted  from  his  inquiries,   are  well  known.     At« 
tempting'  to  fix  one  of  these  dyes  of  a  very  fugitive  nature,  he 
bethought  himself  of  employing  as  a  mordant  the  species  oif  Lycopodium 
moss  known  to  botanists  by  the  name  of  Ij/copodium  complana^  ^^"^  anatum, 
turn  ;t  he  did  not  attain  the  object  he  had  in  view,   but  a 
result  which  he  did  not  expect:  for  he  discovered,  that  a  very  ^ves  a  fine  bhie 
fine  blue,  considerably  permanent,  might  be  struck  on  wool  or  JSj^^\t"^e 
silk,    by  boiling  it  first  with  this  species  of  lycopodium,   and  addition  of  a 
then  steeping  it  in  a  slight  infusion  of  brasil.  ®  wagiL 

The  w  >ol  treated  in  this  manner  was  at  least  of  as  fine  a  Equal  to  woAd, 
blue  as  if  it  had  been  dyed  with  woad,  or  in  what  dyers  com- 
monly call  the  vat ;  and  was  so  fixed,  that  on  rubbing  a  piece  and  fixtd. 
of  white  linen  with  it,  it  did  not  stain  it  as  many  l^lue  cloths 
do ;  that  being  rinsed  in  cold  water,  it  did  not.  impart  to  it  the 
slightest  blue  tinge,  and  that  it  resisted  the  action  of  boiling 
soapsuds. 

The  only  inconvenience  of  this  dye  is  its  being  injured  by  all  Acidispot  it, 

acids,   even  common  vinegar,   which*  redden  it  more  or  less : 

but  it  is  easy  to  remove  the  spots  thus  produced  by  means  of  a  but  the  spots r#- 

•    '  ■'  moved  by  alVa^ 

weak  alkali,   which  will  restore  the  colour,  and  occasion  no  ]|. 

change  itself. 

The  following  manner  of  employing  the  lycopodium  com- 
planatum  t)r.  Westring  has  found  to  be  the  most  simple  and 
convenient : 

Take  a  quantity  of  this  igaoss,  dried  and  chopped,  nearly  dou-  Method  of 
ble  the  weight  of  the  cloth  to  be  died.     Put  them  into  a  pro-  "**** 
per  vessel,  a  stratum  of  the  moss  between  every  fold  of  the 

*  Bulletin  des  Sciences,  August,  1805,  p.  224 

t  The  country  people  in  Sweden  sometimes  use  a  species  of  ly- 
cvpodium  as  ^  mordant  T. 

G  g  2  cloth. 


^23  DYS   rKOM   ITCOPODIpM* 

cloth,  and  pour  on  a  sufficient  quantity  of  wat«r,  which  mtuC 
be  at  least  sufficient  to  cover  the  whole  well.  Boil  them  toge- 
ther for  two  or  three  hours,  adding  more  water  from  time  to 
time,  to  supply  the  place  of  what  is  wasted  by  evaporation.  Take 
oj^  the  cloth  thus  prepared,  wring  it,  and  hang  it  up  to  diy 
without  rinsing. 

Aftem'ard,  when  you  would  dye  the  cloth  thus  prepared, 
begin  by  rinsing  it  carefully  in  cold  water ;  then  put  it  into  a 
well  tinned  copper,  with  cold  river  or  spring  water,  and  a 
small  quantity  of  brasil ;  and  boil  it  gently  for  half  an  hoar  or 
an  hour,  according  as  you  would  have  the  tint  deeper  or  Iigjiter. 
If  too  much  brasil  be  used,  the  dye  will  have  a  violet  hue. 

After  having  taken  it  from  the  fire,  rinse  the  cloth  immedi- 
ately in  cold  water.  It  is  not  necessary  •  that  the  bath  should 
have  been  made  to  boil ;  it  is  siTflficicnt  to  keep  it  for  a  couple 
of  hours  at  a  heat  of  6o^  or  70^  of  the  ccntesim^  thermome- 
ter (UO*or  15S«  Furht). 
None  of  the  The  brasil  may  be  mixed  at  once  with  a  strong  dccocfioii  of 

common  mor-  |ycopodium  :  but  in  cither  case,  care  must  he  taken  that  none 

4ai«t8  mnst  be     "^     '  , 

used.  of  the  common  mordants,  cither  saline  or  astringent,  are  used, 

for  they  would  alter  the  colour. 
Recommended      Dr.  Wcstring  conceives,  that  this  process  may  be  substituted 
^Yi^^  *'""*y     for  the  common  mode  of  dyeing  the  cloth  used  for  troops,  mith 
a  saving  of  ex  pence. 

The  lycopodium  is  very  common  in  the  Swedish  woods,  so 
tliat  it  would  furnish  an  article  of  exportation,  beside  an  abun- 
dant supply  for  home  consumption. 
Lycopodium         ^^'  ^^^cstring  has  extended  his  experiments  to  the  various 

clavatum,         species  of  this  genus.     He  has  found  that  the  Ivcopodium  da- 
answers  the  i  •  t   •  i         i  i  *     .  t 

•ame  purpose.   ''P^^'^w,  which  is  more  common  than  the  camplanaivm^  may  be 

used  in  the  same  manner  with  equal  advantage.     The  blue  it 

yields,    when  it  is  perfectly  dry,   is  even  deeper,    which  may 

render  it  preferable.     Hitherto  this  moss  has  been  applied  to 

no  use  but  that  of  making  mats,  except  that  the  farina  of  the 

stamens  has  been  sometimes  employed  medicinally. 

Lycopodium  The  lycopodimn  annotiniim.  docs  not  yield  a  blue  with  brasil- 

vidds  flravs      wood,  but  several  shatfes  of  gray,   in  which  acids  and  alkalis 

A  good  mor-     have  the  eflVct  mentioned  above.     This  species  affords  a  mean 

"**  *  of  easily  fixino:  in  cloth  several  colours,  that  have  hitherto  been 

found  diflicult  to  render  permanent. 

I'he 


The  t^copodium  selagmoides  is  leas  common,  and,   like  the  Lyeopodiam 
iycopodium  selago,  yields  no  blue,  bnt  a  fine  gray,  the  shades  ^^J^i^^ri^ 
of  which  may  be  varied,  and  which  inclines  to  blue  or  violet,    grays. 

Analoey  led  to  the  supposition,  that  the  lycopodium  alpinum^  Lycapodittm 
which  covers  the  high  mountains  of  Lapland  like  a  carpet,  and- 1^^^, 
greatly  resembles  the  complanatuniy  might  likewise  be  used  for 
dyeing  blue.     This  Dr.  Westring  found  to  be  the  fact ;  and  it  lea  injured  by 
appears,  that  the  colour  it  affords  is  less  injured  by  acids. 

Thus  all  the  species  of  this  genus  will  be  of  use  in  dyeing.  All  the  specin 
Dr.  Westring  presumes^  that  they  may  be  employed  not  only  "•*""  •■   y**» 
with  brasiUwood,  but  with  several  other  dyes,  as  substitutes  for 
galls,  and  the  salts  used  as  mordants.     He  imagines  too,  that  or  as  mordants 
the  barks  of  lome  of  the  trees  indigenous  to  Sweden,  might  be 
found  to  answer  as  well  as  brasil  with  the  lycopodium.    The  Ash  bark  with 
fresh  bark  of  the  branches  of  the  ash  yields  with  the  lycopodi-  comSanSm. 
vm  complan^tum  a  changeable  colour,  which  inclines  to  brown 
and  blue,  as  Dr.  Lindenstolpe  announced  as  early  as  1720,  in 
a  treatise  on  dyeing ;  but  when  this  bark  is  greeui  it  gives  only 
a  fine  yellow,  of  no  use  as  a  dye. 

M.  Lastcyrie  has  received  from  Dr.  Westring  a  pattern  of  Paturas. 
wool  dyed  blue  by  means  of  the  lycopodium  complanatwn; 
and  this  pattern  has  hicn  shown  to  the  Pbilomathic  Society. 
Among  these,  the  Dr.  sent  with  his  original  memoir  to  the  Pa- 
triotic Society  of  Sweden,  there  was  some  silk,  which,  treated  Silk,  oeildtroi, 
in  the  manner  above  described,  had  taken  a  fine  blue  colour 
inclining  to  red,  which  the  dyers  have  called  ceil  de  roi.    If  the 
quantity  of  brasil  used  be  greater,  the  silk  acquires  a  puce  and  pucc» 
colour. 

Subjoined  arc  some  more  facts  taken  from  Dr.  Wcstring's 
nicmoir,  and  his  letter  to  M.  Lasteyric. 

The  lichen  parcllus  is  the  only  one  of  the  lichens  in  which  Lichen  panU 
Dr.  W.  has  iwrceivcd  the  property  of  affording  a  blue  dye.  »« 5»^*^s » ^ue. 
To  obtain  it,  all  that  is  necessary,  is  to  infuse  this  lichen  in 
river  water,  witliout  any  mi;cture,  at  a  temperature  of  40<»  or 
50*  (104^**  or  112®Farht.).     In  three  days,  half  an  ounce  of 
this  lichen  will  have  imparted  a  sufficient  colour  to  a  quart  of 
water,  and  is  capable  of  colouring  three  or  four  quarts  in  suc- 
cession.    But  Dr.  Westring  could  not  fix  this  dye  by  means  but  not  perma« 
of  any  of  the  known  mordants,  or  of  the  lycopodium.     It  even  "^"*' 
ilisappears  as  soon  as  the  water  is  made  to  boil. 

The 
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Pluiulfiae  bcrik 
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Tlie  bark  of  the  fresh  branches  of  the  plumbtree,  taken  Xsff 
after  the  first  frosts,  has  yielded  a  good  dye  of  a  fine  carmelite 
colour.  That  of  the  Italian  poplar,  populmt  dUutata^  whether 
iresh  or  dry,  gives  a  permanent  yellow  both  to  wool  and  silk, 
and  deserves  to  be  employed  in  the  great. 

This  advantage  is  certainly  oniiig  to  the  preparation  with 

lycopodinra ;  for  M.  Dambourzey  could  obtain  only  a  fake 

colour  of  no  permanence  from  the  same  bark  used  fresh.     Yet 

he  employed  as  a  mordant  the  nitro-moriatic  solution  of  tin, 

t^cnlbuK^   or  composition,  as  it  is  called  by  the  dyers ;  an  addition  which 

the  beauty.       X^,  Westringhas  found  to  heighten  the  beauty  of  the  dye. 

Wool  prepared,  with  lycopodium  receives  from  the  Uchm 
Wcitringii  a  good  dye  of  a  fine  orange  colour,  much  superior - 
to  that  given  by  annotta.  Tiie  same  colour  is  obtainable  with 
the  lichtn  cinereus ;  and  a  fine  bright  yellow  with  the  iicim 
chioriMUi,  Ackart*  If  the  wool  thus  dyed  be  afterwards  dyed 
with  brasil,  that  which  was  prepared  with  the  Uckeu  Wtstrn^ 
gii  becomes  a  very  deep  blue-black ;  and  that  with  thelkitm 
chlorinuM  of  a  fine  green-black,  or  ravenVwing.  Wilh  the  ikkn 
vulpinus  the  colour  is  of  a  fmc  Icmon-ycUow,  which  ia  changed- 
by  the  addition  of  bra&il  to  a  blucish-grecn. 

Dr.  Westring  says  in  his  letter  to  AH  Lastcyrie,  that  he  hat 
prepared  with  the  turetaiia  mahagom^  maho^ny,  an  aurora 
dye  for  cotton,  lie  adds,  that,  having  made  some  experiments 
with  lichens  sent  by  M.  Lastcyrie  from  Auvergiie,  he  found. 
Lichen  parelliis  that  the  lichen  parellus  contained  no  colouring  matter,  and  that 
110  CO  our.  ^^  ^^^  colour  commonly  ascribed  to  it  was  ailbrded  by  other 
lichens. 

Dr.  Westring  has  found,  that  the  bark   of  the    pine  tree 
(Scotch  fir  ?)  is  an  excellent  tonic  :    that  it  may  be  used  with 
advantage  in  several  convulsive  diseases,  even  epilepsy  ;  and 
that  it  may  be  substituted  for  the  cinchona. 
— bread  made        This  bark,  as  is  well  known,  is  nutritious,  and  the  inhahi- 
'  tants  of  the  northern  provinces  of  Sweden  are  sometimes  obltg* 

ed  to  make  bread  of  it. 
?nd  from  b<^i5-        Bread  too  has  been  made  in  Iceland  with  the  ipiagnum  /w- 
rmitu ins  much  ^**^'A  which  is  white,  and  said  to  be  little  inferior  in  taste  to 
*«ri»»"  common  bread.     A  surgeon  of  Ulwboi^  has  found  a  consider- 

able quantity  of  saccharine  matter  in  this  species  of  moss. 

vni. 
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VIII. 

On  the  supposed  Discoveries  of  LAVofsxER.     In  a  Letter 

from  E.  D. 

To  Mr.  NICIIOLSOJ^. 
SIR, 
— .  Eelin.  June  13M,  1806. 

JLn  addition  to  my  remarks  on  M.  Lavoisier's  claims  to  the  Additional  re- 
discovery oi  oxidation^  inserted  in  jour  last  number,  I  now  send  n>«rks  on  M, 
you  some  other  facts  on  that  subject,  and  on  acidification,  to-  tenaons  to 
ccther  wi\h  such  observations,  as  will,  I  hope,  tend  to  ascer-  *!^^1*^** 
tain  pretty  correctly  the  justice  and  true  extent  of  his  im>tcn- 
sions. 

M.  Lavoisier  himself  tells  us,  that  in  the  year  iffSO,  J.  Rey,  ThedoctriM 
a  physician  at  Bugue,  in  Perigord,  combated   the  opinion  ^^^H^^'^^  ^fv* 
Cardan  and  others,  concerning  the  cause  of  the  augmentation  quire  wcizht  in 
of  weight  of  metallic  oxides  :  he  shewed  that  it  did  not  proceed  o'jidation  frooi 
from  the  condensation  ef  the  soot  in  the  furnace,  nor  from  the 
vessel,  nor  from   any  emantion  of  the  charcoal,  nor  from  the 
bumidity  of  the  air :  but  by  conclusive  reasoning  he  maintained, 
that  the  increase  of  weight  arose  from   the  air  of  the  vessel, 
which  attaches  itself  to  the  minutest  molecules  of  the  calx,  in 
the  same  manner  as  water  does  to  sand,  adhering  to  the  smallest 
grains,  and  rendering  them  heavy.     These  opinions  of  Key 
were  afterwards  quite  forgotten  :  and  Boyle  and  Lcmery  attri- 
buted the  augmentation  of  weight  to  the  fixation  of  fire.* 

Mayow,  in  his  tract  de  Sal-Nitro  et  Sp.  Nit.  Aereo,  pub-  Mayow  ts- 

lished  in  l67*f  has  these  words,  in  speaking  of  the  calcination  ^^'^^^d  thbaug- 

mentation  to 
of  antimony  :     "  Neque  illud  pnetei^ndum  est,  quod  antimo-  nitro-aereal 

**  nium,  radiis  solaribus  calcinatum,  baud  parum  in   pondere  P^Jf^cles  firom 

•  •       •*  ■   •  **^®  air. 

^'  augctur,  uti  expenentta  compertum  est :   quippe  vix  concipi 

**  -potest,  unde  augmentum  illud  antimonii,  nisi   a  particulis 

*^  nitro-ai^reis,  igneisqueei  inter  calcinandum  infixis,  procedat. 

**  Plane  ut  antimonii  fixatio,  non  tam  a  lulphuris  ejus  extemi 

*\  absamptione,  quam  a  particulis  nitro-aepeis,  quibus  tlamnui 

*^  mlri  abundat,  ei  infixis  proveniie  TideatUk'.''t 

In 

♦  Phil.  Jottta.  Jan.  1806,  p.  8a. 

t  Traruc.  qainque)  p.i48-l^.    (In  English)  Neither  muftit  be 
ov\erlook0dy.thiKantim9njt>cal6taed  bj^dacisoiar  jay9>  i^Jioca  Uttia-> 

increased 
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Dr.  Hales  not  In  my  former  communication,  I  stated  that  Dr.  Hales,  from 
abMrbod  air  to  *^^  "^"^^  decisive  experiments,  shewed  that  the  increase  of 
be  the  cause  of  weight  in  calcination  arose  from   the  attraction  and  condnsa^ 

MM*  W^fl  Vtf'n 

weight  of  cal-    ^'^'^   of  air  :  and  that   his  conclusion   obtained  the  irolice  of 

cined  metals;  philosophers,  is  sufTicicntly  evident  from  the  following 
hat  his  doctrine  ./•  i.^i  i  ii 

was  noticed      passage    taken  from  the   treatise   of  the    x^ery    learned  afio 

b3r«thcn.         ingenious   Bishop  Berkeley  :     "   Fire,"  he  says,  "  collected 
*'  in  the  focus  of  a  glass  operates  in  vacuo,  and  therefore  is 
*^  thought  not  to  need  air  to  support  it.     Calx  of  lead  batk 
*^  gone  off  with  an  explosion  in  vacuo,  which  Niewentyt  and 
**  others  take  for  a  proof  that  fire  can  bum  without  ^ir.     But 
**  Mr.  Hales  attributes  this  effect  to  air  enclosed  in  the  red- 
**  lead,  and  perhaps  too  in  the  receiver,  which  cannot  be  per* 
^*  fectly  exhausted.     When  common  lead  is  put  into  the  fiif, 
**  in  order  to  make  red-lead,  a  greater  weight  of  this  coraes  oat 
^^'than  was  put  in  of  common  lead:  therefore  the  red-kid 
**  should  seem  impregnated  with  fire.     Mr.  Hales  thinks  it  is 
"  with  air."  * 
Barren's  infer-       In  the  same  year,  viz,  1774,  in  which  M.  Lavoisier  publidi- 
tals^reoxMed  ®^  ^^*  experiments  on  oxidation,  M.  Bayen  delivered  the  fbl- 
byair.  lowing  opinion  :     '*  Les  expi*rienccsquej'ai  fnitesme  forcede 

"  condure  que  dans  la  chaux  mercuriale  dont  je  parle,  k 
'*  mcrcurc  doit  son  etat  calcairc,  non  h.  la  pcrte  du  phlogistique 
"  qu'il  n'  a  pas  essuyee,  mais  d  sa  combinatian  intimc  axee  k 
**  Jiuidc  elastiquCf  dont  le  poids  ajout6  a  cclui  du  mercure  est  Ii 
''  seconde  cause  de  I'augmentation  dc  pesanteur  qu'on  obsent 
'^  dans  les  prccipites  que  foi  soumis  a  Texamen."  It  was  ii 
consequence  of  hearing  Bay  en's  paper  read,  says  Dr.  Thoa- 
son,  that  Lavoisier  was  induced  to  turn  his  attention  to  tbe 
subject."! 

It 

increased  in  weight,  as  is  found  by  experiment :  for  it  is  scarcelj 
possible  to  be  conceived,  whence  Uiat  increase  of  the  antimonv  ctt 
proceed,  unless  from  the  nitro-aereal  and  fiery  particles  fixed  k 
it  during  calcination.  It  is  plainly  seen,  that  the  fixation  of  the  ti- 
timony  arises  not  so  much  from  the  separation  of  its  sulphur,  u 
from  the  nitro-aercaf  particles  with  which  tlie  flame  of  nitif 
abounds,  and  which  become  fixed  in  it  (viz.  the  antimony). 

»  Siris,  2d.  cHit.  an.  1774,  p.  91. 

t  Jour,  de  Phys.  1774.  p.  895.     The  fint  memoir  of  Biiyen,  p«l- 
lished  in  the  Journal  dc  Ptaysiquey  for  Fi;b.^l774,  is  intided  Swk 

FKlogit 
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'    It  is  raanifcst,  therefore,  from  the  foregoing  detail  of  facts,  The  discovenf 
that  Rey  first  rightly  attributed  the  weight  acquired  in  the  oxida-  bv  Bey* and 

lion  of  matals  to  the  attraction  of  air :  that  Mayow  next  sup-  afterwards  by 

Mnyow,  Halei| 
andBsytB. 

Pklogistiquey  and  contains  a  very  elaborate  examination  of  the  facts 

!9latin|^  to  sulphur  and  the  metals,  upon  which  that  doctrine  was 

established.  His  second.  On  some  Mercurial  Prccipitatti,  was  uub* 

Inhed  in  April  following.    Tlie  precipitate  alluded  to  in  the  text, 

was  prepared  with  nitrous  acid.     In  his  third  memoir,  published  in 

the  same  work,  for  Feb.  1775,  among  other  experiments,  he  states 

the  reduction  of  precipitate  per  se  (or  mercury  oxided  in  the  air% 

ftnd  says  that  tha  weight  of  vhe  air  he  obtained  from  it  was  very 

neariy  the  same  as  that  lost  by  the  reduction.   He,  tiierefore,  doing 

}m$tiee  hif  rcfefing  to  John  Ret/j  ascribes  the  ralciaution  to  that  air 

having  been  absorbed.    In  the  month  preceding  (viz.  Jan.   1775) 

it.  Bayen,  with  high  commendation,  gives  an  ab&truct,  with  the  full 

table  of  contents,  of  tlie  work  of  John  liey,  who  was  directed  to  the 

fact  of  the  increased  weight  of  the  oxide  of  tin  by  Brun,  apothcca* 

ry  at  Bereerac. 

M.  Lavoisier's  memoir,  "  On  tlie  nature  of  the  principle  which 
**  combines  with  metals  during  their  calcination,  and  which  aug- 
^  mcnts  their  weight,*'  was  read  at  the  Royal  Academy  on  ihe  96th 
April,  1775,  and  was  published  in  Rozicr's  Journal  for  May,  in  the 
tame  year.  Tn  a  note,  the  author  says  that  the  first  experiments 
relative  to  that  memoir  were  made  above  a  year  earlier,  and  that 
Chose  upon  mercury  precipitated  per  se  were  first  tried  by  the 
haniing-glass,  in  November  1774,  and  afterwards  made  with  all 
the  requisite  precautions  at  the  end  of  Feb.  1775.  In  the  rxperi« 
ment  here  related,  the  prcripitatc  was  reduced,  by  fire,  in  a  closed 
glass  vessel ;  and  the  propcrtics'of  the  air  disengaged,  are  detailed 
with  perspicuity  and  conciseness.  He  considers  it  as  more  fit  for 
combustion,  and  more  respirable  than  common  air,  of  which  he 
takes  it  to  be  a  part. 

It  seems  proper  to  remark  in  this  place,  that  Dr.  Priestley  expel- 
led air  from  precipitate  per  se  by  solar  heat,  Aug.  1,  1774,  and  was 
extremely  surprized  at  llic  vigon)us  combustion  it  produced :  tliat 
in  October  following,  being  at  Paris,  he  often  mentioned  his  surprize 
at  tliis  kind  of  air  to  M.  Lavoisier,  M.  Le  Roy,  and  other  philoso- 
phcrsin  that  city  :  and  that  tlus  month  immediately  preceded  the 
vcryNovcni^r  in  which  M.  Lavoisier  informs  us  that  the  same  ex- 
pcriments  were  d\iburU  tcntees  an  verre  ardeJit  by  himself,  without 
making  the  least  mention  of  Priestley.  See  Priestley  on  Air,  in 
3  volumes,  vol.  ii.  p.  109,  and  llozier's  Journal  before  cited,  v. 
4e9.— W.  N.  ' 

Vol.  XIV.— July,  180C.  Hh  ported 
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ported  fho  same  opinion,  and  added,  that  it  arose  from  a  pe£u« 

liar  part   (the  nitro-aerial)  of  that  air  :  that   Hales  by  expcri-' 

ment  shewed  the  same  condensation  of  air  to  take  place,  which 

Bayen*  also  by  experiment  afterwards   confirmed.     Lastl}*,  il 

was  proved  by  Hales,  that  the  air^  previously  condensed  in  the 

process  of  oxidation,  was  liberated  whep  the  oxided  metal  was 

again  submitted  to  heat:   and  Lavoisier  afterwards  obscned, 

that  '*  on  operating  the  reductiorr  of  litharge  in  close  vessels, 

"  with  Hales*  apparatus,  there  was  at  the  moment  of  the  pass- 

*^  age  of  the  calx  into  the  metallic  state  a  disengagement  of 

**  air  iti  considerable  quantity,  at   least  1000  times  greater  in 

**  volume  thantlvat  of  the  air  cmploycd."f     No  one,  however, 

but  Mayow  as  yet  supposed  that  the  oxidation  was  effected  by 

^^«od  it  was     &  particular  part  of  the  air  only  ;  nor  was  it  till  after  the  biil- 

not  till  after      ij^jj^  discovery  of  oxigen  gas  by  Dr.  Priestley,  that  M.  Lavoi- 

of  oxigen  by     sier,  in  repeating  his  experiments,  found  that  it  truly  depended 

Priestley,  that  ^^^  jj^g  combination  of  that  gas,  and  the  weight  acquired  by  the 

Lavoisier  ful-  °     '  o  i  j 

lowed  Mayow  metal  corresponded  to  that  which  the  air  had  lost.  Hence 
*'*dSi*'**  to  L  ^^*^^  ^^®  steps  leading  to  the  theoty  of  oxidation  hare,  like  those 
in  most  other  physical  discoveries,  been  slow  and  successive : 
and  M.  Lavoisier  did  not  advance  one  step  beyond  his  prede- 
cessori,  until  he  was  made  acquainted  uith  what  they  were 
ignorant  of, — viz.  the  true  composition  of  atmospheric  air. 
Facts  obsened    .  That  M,  L#ftvoisier  should  deny  his  countryman    Key  the 

aud  experi-       merit  of  discovery  because  he  attained  to  his  conclusion  by  the 
uieiit*?  made,      ^  ^,  •         •     i  i      .     i.  •         ^     •  »-    • 

areoftrqual       force  ot  reasoning,  independent  of  experiment,  is  not  iLhttle 

authoi-ity.         singular ;  for  as  you.  Sir,  justly  remark,  "  between  the  obser- 

iiiaudeii  both,    "  vation  of  well  established  facts,  and  the  making  of  direct  ex- 

and  dreu  Kaga-  "  perimcuts,  there  seems  to  be  no  essential  diflerence/'t     If, 

oiisfiomthein.  mdeed,  experiment  alone  could  entilie  any  one  to  tlie  claim  of 

discovery,  and  it  were  the  only  mode  by  which  truth  could  be 

established,  what  would  become  of  the  sciences  of  the  natural 

historian  and  astronomer,  for  they  observe  only,  but  do  not 

experiment  ;  and  yet  the  science  of  astronomy  has  attained  to 

greater  certainly  and  perfection  than  any  other  can  boast. 

Kxperiment  does  not  supply  the  place,  much  less  supersedt 

*  System  of  Chemistry,  vol.  i.  p.  83, 1st  edit, 
t  Phil.  Jour.  loc.  cit. 
I  i  1  ttctat.  quinq.  p.  2 — 4. 

'  obttr- 
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observation ;  it  only  aids  its  deficiencies,  corrects  its  errOTS,"or 
hastens  its  results:  and  it  is  surely  of  but  little  importance, 
whether  the  experiment  be  conducted  by  the  spontaneous 
moYcraents  of  nature,  or  by  putting  her  to  the  torture,  as  Ba- 
con says,  by  the  efforts  of  human  ingenuity,  provided  the  ob- 
sensation  of  its  phenomena  be  equally  exact  and  the  conclu^ 
sion  be  with  equal  accuracy  obtained.  But  in  truth,  Rey  did 
make  expehments;  for  what  was  the  burning  of  a  metal  in  a 
vessel  but  making  an  experiment ;  and  what  was  the  conclu- 
sion he  drew,  contrary  to  the  opinion  of  preceding  authoi«t 
but  the  result  of  a  sagacious  observation  of  the  phenomena 
which  that  experiment  exhibited  ?  He  went  half  way  in  th« 
discovery  of  oxidation ;  and  Dr.  Hales  completed  it,  by  shew- 
ing that  the  condensed  air  was  again  liberated  by  heat.  M^ 
Lavoisier's  claims  go  no  farther  than  having  ascertained  the 
facts  with  greater  accuracy,  and  rendered  them  of  more  ex- 
t<;nsive  application. 

With  regard  to  the  theory  of  acidification^  the  claims  of  M.  The  theory  of 
Lavoisier  are   not  much  better  founded ;    for  the  following  ^^'^"•j^"  ^ 
circumstances  will  «hew  that  others  divide  with   him   that  considerable 
honour.     Mayow  long  ago  proved  that  nitre  consisted  of  an  M«yow"and  ^ 
alkaline  salt  derived  from  the  earth,  and  of  an  acid  spirit,  and  the  earlier 
that  the  contact  of  air  with   the  soil   was  essential  to  its 
production.*      At     first  he   considered  the    acid     spirit   to 
be    derived  wholly  from   the  air,    but   afterwards     from  its 
great   density,  held   that  only  its  more  active  part   was  ob* 
tained  from  that  source.f     Boyle  having  proved  that  some- 
thing efisential  to  combustion  existed  in  the  air,  Mayow  called 
this  something  the  igneous  particles  of  the  air,  and  contended 
that  these  same  particles  existed  in  nitre;  for  that  in  vacuQ 
sulphur  would  not  bum,  but  when  mixed  with  nitre,  it  would 
burn  either  in  vacuo  or  under  water.J     He  afterwards  con- 
cludes that  the  aerial  part  of  nitre  is  nothing  else  but  these  ig- 
neo-aereal  particles,  and  that  they  reside  not  in  the  alkaline 
base,  but  in  the  acid  spirit  of  the  nitre,  to  which  the  caustic 
jaature  of  that  spirit  is  owing.§ 


*  Tractat.  quiaq.  p.  2—4.  f  Ibid.  p.  1 1. 

X  Ibid*  P*  13.  §  Ibid.  p.  19. 

Hh2 
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I 

Oth«r  fi|c(j  Dr.  Ha!e8  remarked  that  acid  sulphureoui  fuel  attrEurts  and 

•ddificaulon.     condenses  air,  from  which  it  may  be  inferred  that  he  bad  ac« 
tttaUy  detected  an  acid  in  the  combustion  of  sqlphur  ;  but  tha 
acid  principle  he  seems  to  have  considered  as  residing  in  the 
sulphur  and  not  in  the  air.     I  have  not  by  me  the  late  Profin- 
•or  Robison's  edition  of  Dr.  Black^s  Lectures,  but  1  think  I 
remember  to  have  there  seen,  that  Dr.  Rutherford,  Professor 
of  Botany  in  this  University,  was  led,  from  experiment,  to 
Ibrm  the  same  conclusion  concerning  the  formation  ofsufpho- 
ric  acid,  as  M.  Lavoisier  afterwards  maintmned ;    and  that 
nothing  but  the  rooted  prejudice  of  Mr.  Robison  and  others 
prevented  Dr.  Rutherford  from  anticipating  M.  Lavoi&ier  ia 
this  theory  of  acidification. 
Lavoisier,  with     '  Next  in  order  came  M,  Lavoisier,  who  having  repeated  the 
|es>f  previous  experiments  of  Hoylc  and  Hales  on  the  calcination  of  metab, 
discovery  by      ^nd  ascertained  that  oxigen  in  all  cases  combined  with  them, 
shewn  innch      extended  bis  views  to  the  combustion  of  certain  inflammable 
abilitv  in  gene- Q^bbtances,  and  found  the  product,  instead  of  calx,  to  be  a 
ment  and  ia-     ^^^^  ^^  gaseous  substance,  possessed  of  acid  properties.     Un* 
duction,  but      doubtedly  the  confirmation  and  extension  of  these  facts  are 
tion  to  display  highly  creditable  to  the  industry  and  sagacity  of  Lavoisier :  bat 
those  prior        fj^^j^  ^haj  has  been  alivady  stated,  it  appears  that  Mayow  first 
shewed  that,  to  the  constitution  of  the  acid  spirit  of  nitre,  a 
certain  portion  of  the  air  of  the  atmosphere  was  necessar}* ; 
that  Hales  had  in  all  probability  found  this  acid  by  the  coia- 
bustion  of  sulphur;  and  that  lUitherford  had  not  only  done  the 
same  thing,  but  had  drawn  the  proper  conclusion  from  it.     Be 
it  remembered  also,  that  the  great  fact  essential  to  complete 
the  explanation  of  acidification,  viz.  the  discovery  of  oxigen 
gas,  was  known  to  Lavoisier,  but  at  the  time  unknown  to  all 
these  authors;  and  that,  in  tnith,  oxidation  and  acidification, 
effected  by  combustion,  are  only  particular  examples  of  that 
more  general  law  which  M.  Lavoisier  so  successfully  laboured 
to  establish, — viz.  that  in  every  case  of  combustion,  oxigen 
combines  with  the  burning  l>ody,  and  forms  various  compounds 
according  to  the  nature  and  compo«^.ition  of  that  body.     The 
nature,  however,  of  these  compounds,  the  phenomena  which 
attend  their  formation,  and  all  the  variation  of  circumstances 
with  which,  and  under  which,  they  take  place,  have  not  hither- 
to been  distinctly  traced  out  and  ascertained;  and  until  this 

be 
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be  done,  wo  must,  I  £e<ir,  look  in  vain  for  any  thing  like  a 
€omplete  tltcortf  of  combustion, 

'  But  whilsit  some  substances,  as  sulphurated  hydrogen,  are  The  theory  c 
found  to  possess  acid  properties,  thou^^h  they  contain  no  oxigen ;  ^.^n  ^^  ^f  ' 
^nd  many  inflammable  and  metallic  bodies  unite  with  oxigen  acidiftcation, 
during  combustion,  and  yet  have  nothing  of  the  character  ofy***"*!***^*-*- 
aa  acid  ;  mc  must  either  deny  that  oxigen  is  universally  the 
tciditying  principle,  or  that  the  ordinary  characters  by  which 
acids  are  distinguislied  are  arbitrary  a!nd  false.  '*  If  we  lay  it 
*<  down  as  an  axiom  that  oxigen  is  the  acidifying  principle,  we 
V  must  either  include  among  acids  a  great  number  of  bodies 
*^  which  have  not  tiie  smallest  resemblance  to  those  substance* 
*^  which  are  at  present  reckoiied  acids,  or  exclude  from  the 
*<  class  several  bodies,  which  have  the  properties  of  acids  in 
**  perfection.  The  class  of  acids  being  perfectly  arbitrary, 
**  there  cannot  be  such  a  thing  as  an  acidifying  principle  in  the 
'*  most  extensive  .ense  of  the  word."*  But  if  the  acidifying  prin- 
ciple be  unknown,  it  must  be  held  premature  in  M.  Lavoisier 
to  claim  the  discoveiy  of  the  theory  of  acidification ;  and  his 
merits,  therefore,  in  this  case  will  consist  not  in  forming  a  just 
and  general  theory,  but  in  improving  and  extending  our  know- 
ledge  of  the  facts  from  which,  perhaps,  a  true  theory  may 
hereafter  be  deduced. 

I  have  sometimes  thought,  that  it  might  be  well  to  indulge  The  new  no- 
M.  Lavoisier  and  his  associates  in  their  present  ^"^ualified  ^®*J^JjJJ";*V^ 
claims  to  the  theories  of  modern  chemistry,  and  of  physiology  caused  varion 
founded  on  chemical  principles,  from  a  conviction  that  the  ^j^^^^^j^^  ^^j, 
duration  of  these  theories  will  be  temporary  only,  and  that  mitted  with- 
many  parts  of  them  ere  long  will  undergo  a  complete  revolu-  exaiaiiMUion. 
tion ;  and   that,  therefore,  with  the  fall  of  the  theories,  the 
claims  would  necessarily  cease.     It  is  the  introduction  of  the   ' 
new  nomenclature  that  has  chiefly  supported  these  claims; 
and  their  authors  seem. to  have  imagined  that  by  giving  a  new 
name  they  established  a  right  to  the  thing  which  it  was  meant 
to  design'itc.    But  as  if  to  expose  and  punish  their  injustice  and 
presumption,  later  discoveries  are  daily  proving  their  theories 
are  faUo  and  insufTicient,  and  reducing  their  new  names  to  mere 
arbitniiy  terms,  little  better,  in  some  respects,  than  those  which 
they  supplanted.     Oxtgen  is  not  proved  to  be  the  acidifying 

*  lliomson,  ii«  5,  edit.  U 

prin- 
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principle,  as  Its  etymology  would  imply :  aEotic  is  not  the  oiily 
gas  which  takes  away  life  ;  and  purified  charcoal  does  not  form 
carbon,  as  Lavoisier  supposed.  But  the  facU  on  which  these 
theories  have  been  raised  will  rpmain,  when  (he  theories  shall 
have  passed  away ;  and  of  these,  the  discoveries  of  Scheele  and 
Priestley  exceed  in  ingenuity,  diversity,  and  number,  those  of 
M.  Lavoisier  and  all  his  associates ;  and  for  originality,  precis 
sion,  and  importance,  what  have  they  to  produce  at  all  com- 
parable to  the  discoveries  of  Cavendish  and  Black.  What- 
ever may  be  the  fate  of  other  republics,  it  is  devoutly  to  be 
wished  that  that  of  letters  and  of  science  may  for  ever  «tand ; 
and  when  its  rights  are  thus  openly  invaded,  it  cannot,  surely, 
be  thought  unbecoming  in  us,  the  countrymen  of  Bacon,  Boyle, 
and  Newton,  to  stand  forward  in  its  defence,  lest  the  shades  of 
those  inunortal  names  rise  up  in  judgment  against  us ! 

I  am.  Sir, 

Your  obedfent  seivant, 

JU  D. 
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TacH  tcrwards  forming  a  History  of  Gold^      By  Profeuor 

Proust*, 

Oxigen  requU     X  O  ascertain  the  quantity  of  oxigen  which  gold  requires 

iilitv*«?K3[d     ^^^  ^^  solution  in  acids,   is  a  point  essential  to  be  determined 

in  the  history  of  this  metal,  and  I  found  it  attended  with  more 

difficulty  than  I  had  expected. 

800  p.  mnriatic      Six  hundred  grains  of  muratic  acid  at  IQ®  of  Baun^'s  hy- 

nitric,  dissolve  Urometer,  and  200  of  nitric  acid  at  40®,  dissolved  by  the  assis- 

187  of  gold.      tance  of  heat  14-4  grains  of  gold.     Having  added  200  grains 

of  muriatic  acid  to  the  solution,  it  took  up  43  grains  more  of 

gold ;   consequently  1 000  grains  of  aqua  regia,  made  of  four 

parts  of  muriatic  acid  and  one  of  nitric,  of  the  strength  respecr 

tively  indicated  by  the  gravities  noted  above,  are  capable  of 

The  nrariatic,    dissolving  187  grains  of  gold.     Tlie  nitric  acid  being  of  no  use 

ven^  should      ^^""^  ^"^  ^^^  ^*  Oxidation  of  the  muriatic,  it  is  evident,   that 
predominate. 

*  Translated  from  the  Journal  de  Physique,  Feb.  1S06,  vol. 

Ixii.  p.  131, 

Tb« 
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Ac  latter,  which  is  the  real  solvent  of  the  gold,  should  predo- 
minate in  the  aqua  rcgia.     The  same  things  take  place  in  the  Ph»tina  com- 

.  °  ports  itself  lilw 

solution  of  platina.  gold. 

To  obtain  the  muriate  easily  in  a  crystallized  state,  it  is  ad-  Muriate  of  gold 

c  rvstaliizeo* 
disable  to  keep  an  excess  of  gold  in  the  solution,   and  to  add 

muriatic  acid  from  time  to  time,   till  it  is  perceived  to  act  on 

the  gold  no  longer.  -  By  proceeding  thus  the  nitric  acid  is  ex- 

.bausted,  and  at  the  end  there  remains  none  to  disturb  the 

ci^'stallization. 

-  The  solution  evaporated  to  a  certain  point  gives  a  l^mcUa- 

tcd  crystallization,  but  a  coagulated  one  if  it  be  concentrated 

too  much,   lliis  muriate  is  so  liquefiable,  so  difficult  to  obtain  Extivmely  4s- 

diy,  and  of  course  without  risking  c^insiderable  loss^  that  it 

scarcely  ought  to  be  taken  out  of  tlie  retort,   if  we  have  no 

other  object  in  view  but  to  exhibit  it.     In  summer  it  becomes 

liquid  in    the  morning,   and   .crystallizes    towards    evening,    ^ 

and  passes  through   this  alternation  during   the  continuance 

vf  the  hot  weather. 

The  taste  of  the  pure  muriate  is  asccrb  with  a  little  bitter-  Acerb  mnd 
ness,  but  «rithout  that  after  taste  of  metal,  which  render  the    **^    ^ 
solutions  of  silver,  copper,  &c.,  so  disagreeable. 

The  muriate  of  gold  is  perfectly  soluble  in  spirit  of  wine.  Soluble  in  al- 
This  solution  assisted  by  heat  experiences-  no  change ;  the  al-  ^ 
cohol  is  not  converted  into  ether ;  distillation  separates  them^ 
and  the  muriate  is  recovered  unchanged. 

This  muriate  being  distilled  gives  out  abundance  of  water  Decompofed 
and  oxigenated  muriatic  acid.  The  gold  remains  spongy  and  ^  ^* 
without  lustre  at  the  bottom  of  the  retort.  The  vapours  carry 
over  some  of  the  muriate  of  gold,  which  is  found  in  the  receiv- 
er; but  very  little,  as  Boyle  observed.  The  decomposition  of 
the  muriate  of  p)l  1  exhibits  the  same  appearances  in  every 
respect  as  that  of  the  muriate  of  platina:  both  yield  oxigena^ 
ted  acid  and  pure  metah 

Auriferous  Ether* 

Sulphuric  either  takeo  the  muriate  from  the  solution  of  gold  Sulphuric  etbar 
and  leaves  the  nitiiC  acid  alone.   The  crystallized  muriate  too  diswlveiit, 
dissolves  in  it  with  0  o  ;r.'Htest  facility,  and  without  residuum.  • 

The  aurifiT^  '..    ^;rhei  '  r\  exposure  to  the  air  loses  its  solvent,  but  will  erapo- 

and  is  rcch-    «!  :..  ...    cliov,  acerb  liquid,  which  is  always  pure  ^^  and  leave 

^  •  -a      »  •'    *.       the  muriate  on- 

munate' changed. 


9A0 
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C.  HofTmann 
fint  mentioned 
it. 

Baum^  (int 
froposeci  gild- 
ing with  iu 


ilcwnipttto 
gild  oA  steel 
with  it  unsuc- 

CCKful. 


CauMsof  iU 
&ilure« 


muriate.  C.  Hoffmann  was,  I  believe,  the  first  who,  in  Iris'dis' 
sertation  on  the  vinous  vitriolic  acid,  made  kno^^n  this  fiction 
of  ether  on  the  solutions  of  gold.  Baumc  appears  to  ne  to 
have  been  the  first  who  proposed  the  use  of  the  auriferous 
ether  for  gihling  watch- work.  Within  these  few  years  it  has 
been  announced  as  well  fitted  for  gilding  figures  on  iron  and 
steel.  I  shall  recite  here  not  my  buccess,  but  attempts  ex- 
tremely unsuccessful ;  which  render  it  incumbent  on  the  a«- 
thor  of  this  proposal  to  explain  himself  more  clearly,  if  be 
would  render  a  service  to  the  arts,  and  to  many  amateurs,  v^o 
complain  of  having  lost  both  their  gold  and  their  labour.* 

The  ether  that  has  become  coloured  by  standing  on  a  soln* 
don  loaded  to  the  highest  degree,  is  far  from  containing  as 
much  gold  as  is  requisite  for  gilding  with  success.  By  meaoi 
of  a  siphon  with  a  bulb  I  drew  off  the  colourless  liquid  bem*atk 
the  ether,  and  replaced  it  by  fresh  solution :  thus  the  ether 
becomes  of  a  deeper  colour  and  more  loaded.  On  the  third 
or  fourth  change  the  appearances  alter,  for  the  auriferous  ether 
no  longer  swims  at  the  top,  but  sinks  to  the  bottom  with  the 
weight  and  consistency  of  oil  of  cinnamon :  on  the  contrary, 
it  4s  the  nitric  acid  that  floats,  and  that  must  be  drawn  off  by 
the  siphon. 

Having  at  length  well  saturated  the  ether,  and  considering 
my  success  as  certain,  I  began  to  trace  letters  on  polished  steel, 
some  with  a  pen,  others  with  a  pencil ;  the  strokes  exhibited 
gold,  as  might  be  expected  from  the  application  of  its  muriate 
to  metal  so  easily  decomposed ;  but  I  must  say,  that  by  no 
means  I  could  contrive  to  give  them  the  quantity  of  gold, 
or  the  continuity,  consistence,  and  lustre,  that  I  wished.  The 
gilding  was  very  different  from  that  of  Solingen.  We  shall  not 
be  surprized  at  this,  if  we  analyze  the  effects  of  the  gilding,  for 
we  shall  at  once  discover,  that  a  single  stroke  of  this  ether  ap* 
plied  on  steel  immediately  produces  four  different  eftects, 
three  at  least  of  which  are  opposite  to  the  end  proposed.— To 
precipitate  gold,  to  precipitate  muriate  of  iron,  to  lay  bare  the 
carbon  of  the  steel,  and  to  take  off  the  poliiJi  from  every  point 
touched,  are  the  effects  produced. 

♦'Prof.  Proust  certainly  had  not  seen  Mr.  Stodart^  descriptioh 
of  the  process,  Philosophical  Journal,  vol.  xi.  p.  5?15|  as|appean 
from  the  account  he  gi^'ct  of  his  oWn.    T. 

It 
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It  occurred  to  the  to  plunge  the  steel  into  water  the  mo* 
tnenl  I  had  traced  the  figures,  and  afterwards  to  dry  it ;  pre* 
Sliming  I  should  thus  diminish  the  inconveniences  arising  from 
the  muriate  of  iron ;  hut  the  figures  did  not  acquire  from  thia 
more  adhe^on,  or  more  lustre.  The  palm  of  the  hand  appli- 
ed gently  to  polish  them,  rubbed  them  off  immediately. 

It  was  to  as  little  purpose  that  I  diied  the  ktecl,  after  it  wai 
gilded  and  washed,  with  a  heat  sufficient  to  burn  the  hand* 
The  gold  indeed  was  thus  rendered  more  firmly  adherent,  but 
friction  would  not  give  it  more  lustre,  because,  however  the 
ether  may  be  loaded  with  it,  it  never  deposits  enough  on  the 
figures  to  cover  the  blackness  of  the  metal,  and  to  give  that 
continuity  of  parts,  that  consistence,  and  that  reflection  of 
light  on  which  the  brilliancy  of  gold  depends.  Finally,  this 
gilding,  as  it  is  now  before  me  on  the  plates  with  which  I  ma^e  - 
my  experiments,  is  not  even  equal  to  what 'may  be  produced 
by  a  solution  of  sulphate  of  copper.  If  such  were  the  result! 
of  an  ether  loaded  with  gold,  and  from  which  I  might  have 
promised  myself  some  success,  what  is  to  be  expected  from  an 
auriterous  ether  prepared  according  to  the  common  receipts  ? 

Vcrious  precipitates  of  Gold, 

Gold  precipitated  by  sulpurated  hydrogen,  washed  and  dri-  Gold  f>recipi- 
ed,  is  nothing  but  a  mixture  of  sulphur  and  pure  gold.     Heat-  pjjm^tid^- 
ing  It  in  a  retort  is  sufficient  to  separate  the   metal  from  thedrog«n: 
sulphur.     Consequently  there  is  neither  a  sulphuret  nor  a  hy- 
drosulphuret  of  gold. 

The  sulphureous  acid  precipitates  it  pure.     The  gold  is  in bysulphur*- 

such  a  state  of  division,  that  I  conceived  at  first  it  might  be**'***^^" 
employed  for  paititingon  enatncl,  or  for  gilding;  but  the  me- 
tallic particles  were  quickly  susceptible  of  an  attraction,  that 
collected  them  together,  consolidated  them,  and  made  thenr 
assume  the  consistency  of  a  tenacious,  though  spongy  sub-> 
stance.     In  this  state  nothing  more  is  to  be  done  with  them. 

Of  the  precipitation  of  Gold  by  the  sulphate  of  Iron. 

With  the  solution  of  this  salt  we  succeed  much  better,  and  —by  sulpbaic 
tlie  result  is  a  fine  powder  of  a  purple-red  colour,  the  tint  of  ^'"^'^ 
which,  however^  is  nothing  like  the  purple  of  Cassius.     Being 
washed  in  acidulated  water  to  free  it  from  iron,  it  is  to  be  kept 

Vol.  XIV.— July,  1806.  I  i  under 
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under  Water,  because  in  this  ^tate  it  is  proper  for  experimetiid 
that  require  an  easy  and  prompt  solution  of  tlm  raetal. 
Gives  a  deep         This  gold  applied,  on   porcelain  gives  a.  deep  purple.     Wa 

Sir.  ^  ^^'  •^^^  '®^"''"  ^^  ^^®  *^*^^  ^^^^®  8oltl  in  this  colour. 

Partiy  solttble     .  Marine  acid  of  12'  boiled  on  this  powder  of  gold,  very  evi- 

la  manne  acia.  j^j^^jy  Jisgoives  some  of  it,  and  acquii*cs  a  yellow  colour.     A 

G0I4  capable     glip  of  tin  put  into  it  produces  the  purple  in  an  instant.     GiAif 

watM^^^^""^  therefore,  assisted  by  the  affinities  that  favour  iron,  zinc,  &c., 

19  capable  of  decomposing  water.     Thus  the  marine  acid, 

contrary  to  the  received  opinion/  is  capable  of  altackii^  gdd 

and  silver,  as  it  does  so  many  other  metels« 

Thisprecipitate      Nitric  acid  of  40^  boiled  on  this  gold  dissolves  some  of  il 

partiy  soiublc    jjkc^isg  and  becomes  coloured. 

m  strong  nitric  ' 

add ;  An  acid  of  ZG^  dissolves  some  too,  but  so  little,  that  it  is 

^but  not  by     scarcely  to  be  detected  by  means  of  tin.    With  an  acid  of  32*. 

JJjJ^j^  "*  like  that  employed  in  parting,  it  may  be  doubted  whether  any 
gold  can  be  taken  up  ;  particularly  as  the  comet  is  far  from 
exposing  so  many  points  to  the  attack  of  the  acid  a^  the  pow- 
4cr  in  question. 

Solution  o€  gold  *  Hydrophosphoratcd  water  precipitates  the  solution  of  gold. 

precipifetcd  by  rpjjj^^  in  which  phosphorus  is  kept  does  the  same,  but  the  eflect 

pnotpnorus  .  ^c 

gas,  but  not  by  is  owing  exclusivdy  to  the  gas,  for  the  phosphorus  acid  has 

phosphorus       no  action  on  this  solution  in  less  than  ten  or  twelve  hours, 
acid. 

Precipitation  by  Alkalis, 

Precipitated  by      Potash  purified  by  alcohol  precipitates  from  the  muriate  of 
P*'^**  •  gold   a  powder,  that  is  at  first  yellow,  and  then  violet,  if  we 

operate  with  a  large  quantity  of  water,  but  which  appears 
An  uncertain  black  when  it  has  been  washed  and  dried.  Nothing  is  so  ca- 
prcpara  on.      pncious  as  this  preparation.     An  excess  of  alkali,  saturatioo, 

a  boiling  heat,  arc  insufficient  to  render  us  masters  of  it.     The 

liquors  always  remain  more  or  less  impregnated  with  gold. 
It  frequently  happens,  that  the  precipitation  goes  on  till  the 

next  day ;  but  instead  of  adding  to  the  black  powder,  it  co\'en 
^        it  with  a   metallic  pellicle,  or  even  gilds  the  vessel  in  a  very 

"brilliant  manner.     1  have  kept  one  in  this  state  as  an  object 

of  curiosity. 

A  mixture  of         If  the  black  powder  have  been  washed  and  dried  with  the 

oxide  and  I'e-  111 

duced  gold.       gentlest  heat,  what  we  should  expect  to   be  a  pure  oxide,  is 

nothing  but  a  mixture  of  oxide  and  reduced  gold.     This  is  what 

militates 
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arHitales  against  our  being  ablo  by  these  means  to   ascertain 
tbo  degree  of  oxidation  of  this  precious  metal. 

'  If  raariatic  add  be  applied  to  this  powder,  it  dissolves  the  Action  of 
oxide,  and  leaves  the  pure  gold,  which  is  always  more  4ibun*  •^^^  ^^  **" 
dant.  Nitric  acid  of  40^  dissolves  only  a  few  atoms  of  the 
pxide,  and  it  must  be  assisted  by  heat.  This  solution  is  of  a 
slight  yellow  colour ;  and  if  it  be  diluted  with  water,  the  gold 
separates  from  it  of  the  colour  of  fulminating  gold.  This  pre- 
cipitate still  retains  the  state  of  an  oxide,  accordingly  the  mu- 
riatic acid  dissolves  it  immediately. 

The  aqueous  sulphuric  acid  dissdves  some  of  it  also,  but 
less  than  the  preceding.     It  is  seen  by  the  violet  colour  it 
assumes,  if  a  few  drops  of  muriate  of  tin  be  added.     To  con«  Carbonates  not 
dude,  carbonates  are  not  in  any  respect  more  advantageous  JJ^j]^    ^ 
for  the  precipitation  of  gold ;  which  has  compelled  me  to  give 
Up  this  point,  repeating  the  words  of  Bergman  :  ''  all  gold  is  Gold,  difficult 
^'  precipitated  with  difficulty,  so  that  I  am  uncertain  of  the  ^  Pf^^iP^**^- 
•*  weights.'' 

Fulminating  Gold, 

A  hundred  parts  of  fulminating  gold  passed  through  sulphu-  Fulminating 
rated  hydrogen,  washed  and  heated,  left  seventy-three  of  pure  ^ 
^old.     A  hundred  parts  of  gold  consequently  give  about  i37 
of  fulminating  gold.     If  any  means  of  appreciating  the  ammo- 
nia that  attaches  to  the  oxide  could  be  found,  the  oxidation 
of  the  gold  could  easily  be  deduced  from  this. 

Kanckel  observed,  that  the  oxide  of  gold  obtained  by  means 
of  alkalis,  and  moistened  with  ammonia,  became  fulminating. 
Orschal  too  must  be  reckoned  among  the  number  of  those 
who  have  been  near  falling  victims  to  its  detonation.  An  agate  Dancrcrs  at- 
mortar,  in  which  he  was  rubbing  this  dangerous  oxide,  flew 
into  splinters  under  his  hand.  He  received  no  wound,  but  he 
adds  that  he  felt  a  sensation,  as  if  a  musket  loaded  with  sand  had 
been  discharged  full  in  his  face.  According  to  him,  Raymond 
LuUy  experienced  a  similar  accident. . 

Orschal  too  used  fulminating  gold  to  give  a  purple  colour  to  iTged  to  colour 
glass.     It  even  appears,  that  this  use  of  it  was  known  before  Ihs  5l»»*  i>urple. 
time.     Hence  it  might  have  been  concluded  at  that  period, 
that  tin  was  not  a  ticcessary  ingredient  in  the  puiple  colour. 

I  i  2  Fulmina- 
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iknaiyiif  of  I  put  ft  hundred  grains  of  the  precipitate  into  a  litde  gfkst 

the  precipiute.  ^^^^  ^^^  jj^^  ^^^^  ^f  ^  j^^^p^     Scarcely  had  a  few  minutH 

Detonated.  elapsed  before  a  rapid  stream  of  white  vapours  spouted  out, 
forming  a  thick  cloud,  which  I  took  care  not  to  inhale,  I 
judged,  that  a  hasty  disoxidation  of  the  gold  mi^t  have  pro*' 
duced  this  kind  of  detonation ;  and  in  fact  the  gold  was  found 
to  be  completely  disoxidcd.  The  retort  was  coated  witK  Bier* 
curius  dulcis  mixed  with  corrosive  sublimate. 
4fia]y«8re-  .  T repeated  the  distillation,  throwing  the  precipitate  by  snail 
^^  portions  at  a  time  in  to  a  matrass  previously  weighed  and  placed 

oyer  a  lamp.  The  resuits  being  less  tumultuous  than  b^re, 
allowed  me  this  time  to  observe  better  what  passed  ;  but  it 
was  impossible  for  me  to  appreciate  the  humidity,  and  conse- 
quently the  proportion  of  the  oxigen  to  the  gold. 

The  oxigen  in  this  precipitate,  however,  was  much  moit 
abundant,  as  far  as  can  be  conjectured,  than  in  the  former; 
^r  100  grains  having  afibrded  of 

JUiulti.  Mild  and  corrosive  muriate ••• .••..!(>, 

Gold ^ * 58, 

Totd 74, 

it  is  cviJcnt,  that',  as  the  26  wanting  to  make  up  the  100  could 
not  contain  more  than  about  8  parts  of  v  atcr,  the  oxigen  must 
have  been  in  the  proportion  of  12  parts  to  58  of  gold ;  which 

100  groW  to  31  would  give  the  proportions  of  gold  100,   oxigen  31.     I  am 
'  inclined,  however,  to  consider  this  as  more  certain  than  the 

preceding ;  because,  as  I  applied  a  boiling  heat  to  the  first  pre- 
cipitate, part  of  the  gold  may  have  been  more  or  less  disoxi- 
dated ;  a  circumstance  which  I  took  care  to  avoid  in  the  pre- 

7ather  inqui-  paration  of  the  second.  But  unquestionably  it  would  be  pre- 
mature to  attempt  to  establish  any  tlieory  on  these  facts.  It 
is  ncccs^ry  to  examine  and  ro-cxamine  them,  but  my  occupa- 

Whence  came   tiorts  prevent  me  from  doing  this  at  present.     I  shall  only  say, 

ii{^^  "  that  the  mcrcuri us  dulcis  which  here  accompanies  the  oxide  of 

gold,  did  not  proceed  from  any  portion  of  oxide  at  a  maximum, 
that  my  mercurial  solutions  might  have  retained.  What  then-was 
the  origin  of  this  mcrcuiius  dulcis  ?  What  could  be  the  occur- 
rence of  affinities,  that  reduced  the  sublimate  to  the  condition  of 
mercu'rius  dulcis,  and  united  it  thus  to  the  oxide  of  gold  ? 

(shaU 


1  shall  conclude  these  details  with  a  property  of  this  prcci- 
jntate  much  more  extraordiuury  than  those  that  have  been 
luentioned. 

If  a  few  grains  be  heated  on  paper  over  the  flame  of  a  can-  Extraordinary 
die.  they  soon  melt  and  explode,  emitting  tlu  ir  puffs  of  white  ^^^^^^^ 
smoke  before  they  are  reduced  to  the  state  of  pure  gold.  But 
if  it  be  first  mixed  with  a  little  flowers  of  sulphur,  triturating 
them  together  with  the  point  of  an  ivory  spatula,  and  then 
heated  gently  over  the  candle,  it  detonates  very  easily,  and 
with  ah  sharp  a  noise  as  fulminating  gold. 

The  first  of  my  two  precipitates,  in  which  I  suspected  there 
ivas  less  oxigen  than  in  the  second,  detonates  notwithstanding 
as  well  as  this. 

The  oxide  of  gold  obtained  by  means  of  potash,  mixed  with 
sulphur  and  heated  in  the  same  manner,  melts  obscurely,  but 
without  the  least  tendency  to  detonation.  The  detonation  of 
the  preceding  oxides  is  a  constant  property  that  never  fails. 
I^  the  mixture  be  scattered  about,  the  detonation  equally 
takes  place ;  but  when  the  precipitate  is  well  collected  toge- 
ther, the  report  is  single,  and  consequently  very  loud.  After 
the  detonation  nothing  is  found  between  the  papers  but  gold  in 
a  state  of  divisicm. 

Now  if  we  reflect  on  a  result  thus  singular,'  we  shall  find  gold  Singularity  •f 
here  rendered  fulminating  by  what  destroys  this  property  in  ^  ^wdcr' 
ammoniacal  fulminating  gold ;  and  without  the  assistance  of 
ammonia  we  bring  it  to  produce  effects,  the  explanation  of 
which  must  nect^ssarily  shake  the  very  theory  of  fulminating 
gold.  What  influence  can  the  two  muriates  of  mercury  have 
in  this  detonation  ?     This  remuns  to  be  inquired. 

CThe  conclusion  in  our  next,) 
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Kote  from  Thomas  YcTuno,  M.D.  F,R,S,,SfC.  recom' 
mending  the  Tr*inslation  of  a  Memoir  (f  M.  Laplace. 
With  some  Remarks. 

To 
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To  Mr.  NICHOLSON. 
Dear  Sir, 

X  tiikc  the  liberty  of  recommending  for  insertion  in  yobr 
Journal,  a  paper  of  M.  Laplace  on  ''  Capillary  Tubes/*  pub-  ' 
lishcd  in  the  Journal  de  Physique,  for  January  last ;  as  I  im- 
agine it  would  be  satisfactory  to  your  readers  to  compsre  it 
with  the  *'  Essay  on  the  Cohesion  of  Fluids,"  which  you  have 
done  mc  the  honour  to  reprint.  As  far  as  I\L  Laplace  his 
pursued  the  subject,  he  has  completely  conBrmcd  my  conclu- 
sions, although  by  a  very  different  mode  of  calculation  :  his  rea- 
soning appears,  however,  to  me  to  be  defective,  for  want  of 
attending  to  the  force  of  repulsion,  which  in  most  cases  exactly 
balances  that  of  cohesion.  I  had  contented  myself  with  deter- 
mining i>y  an  approximate  construction  the  form  assumed 
by  the  surface  of  a  fluid  in  a  cylindrical  tube  of  moderate 
diameter;  I  was  in  hopes  that  so  consummate  a  mathema- 
tician as  M.  Laplace  would  have  attempted  a  direct  solution 
of  the  problem  :  but  he  has  left  it  wholly  untouched.  I  was 
also  anxious  to  find  a  confirmation  of  my  conductions  respect- 
ing the  relation  between  the  mutual  force  of  attraction  of  a 
solid  and  a  fluid,  and  the  angle  formed  by  their  surfaces:  but 
my  expectations  were  again  disappointed.  The  inferences 
which  1  had  made  from  the  experiments  of  Taylor,  Achard, 
and  Morveau,  are  such  as  might  have  been  deduced  without 
much  difficulty,  either  from  AL  Laplace's  theory  or  from 
mine :  if  they  had  been  so  fortunate  as  to  attract  M.  Laplace's 
attention  before  his  memoir  was  read  to  the  Institute,  he  would 
perhaps  have  confirmed  and  extended  them  with  his  usual 
accuracy  and  ingenuity. 

1  am,  Dear  Sir, 

Your  very  obdient  humble  ser\-ant, 
Welbcck'Street,  THOMAS  YOUNG. 

2BthMaj/,  1806. 

Errata, 
Page   83,  liae  15,  for  .0054  read  .05-1. 

21,  tor  .1         lead  1. 

159,- 21,  for  .1        read  1. 

Jbitntct 
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Abstract  of  a  Memoir  on  the  Theory  of  Capillary  Tubes.    By 

M.  Laplace. • 

A  HIS  memoir,  destined  to  appear  among  those  of  the  first 
dass  of  the  Institute,  is  preceded  by  the  following  analysis  of  the 
theory  it  contains. 

Clairaut  was  the  first  who  submitted  the  phenomena  of  capil*  Tho  tb^ry  tt 
•  .       .  ,  I     •     •    1  •    rr>     -^z         »    c ipiilarv  tubal 

lary  tubes  to  smct  and  accurate  analysis,  in  his  Fraite  $ur  la  ^y  ciairaut 

Figure  de  la  Terre,  But  his  theory,  though  exposed  with  the 
elegance  which  characterizes  that  excellent  and  important  work, 
leavesto  be  desired  a  compleat  explication  of  the  chief  of  the^e 
phenomena ;  namely,  why  the  elevation  of  the  fluid  above  it» 
level  in  tubes  of  the  same  matter,  is  inversely  as  their  diame- 
ters. This  great  geometer  is  contented  to  obser>  e,  without  —imperfect 
proving  it,  that  there  must  be  an  infinity  of  luws  of  attraction 
which,  wheti  substituted  in  his  formulas,  «^ive  that  result.  I  have  / 

long  sought  to  supply  what  is  wanting  in  the  theory  of  Clai- 
raut. New  researches  have  at  length  conducted  me  not  only 
to  ascertain  the  existence  of  such  laws,  but  have  likewise  shewn 
that  every  law,  according  to  which  the  attraction  ceases  to  b^ 
perceptible  at  any  perceptible  distance,  must  give  an  elevation 
of  the  fluid  in  the  inverse  ratio  of  the  diameter  of  the  ti)l)e  ;  and 
the  result  is  a  complete  theory  of  this  description  of  phenomena. 

Clairaut  supposes  that  the  action  of  the  capillary  tube  is  sen-^  Clairaat  sup- 
^ibleupon  the  infinitely  thin  column  of  the  fluid  which  passes  f^°^^J^;^;;;^P^" 
through  the  axis  of  the  tuU*.  I  differ  from  hinci  in  opinion  in  this  extended  to  the 
respect, and  think  with  Ilawksbee,  and  many  other  philosophers,  JJjJ^ ?      * 
that  the  capillary  attraction,  like  the  refractive  force  and  all 
the  chemical  afllinitics,  is  i"^.t  sensible,  except  at  imperceptible 
distances.    Hawk:)bec  has  observed,  that  in  ;^]iis*  tubes,  whethtT  But  this  is  not 
they  be  very  thin  or  very  thick,  water  rises  to  the  same  height  J^'^^  ^ 
whenever  the  interior  diameters  are  the  same.     The  cylindri- 
cal zones  of  the  glass  which  are  at  a  sensible  distance  from  the 
interior  surface,  do  not  therefore  contribute  to  the  ascent  of  the 
water,  though  in  each  of  them  separately  taken,  thi^  fluid  would 
rise  above  its  level.     A  very  simple  experiment  alsc  proves  the 

*  Read  to  the  French  National  Institute,  '^Sd  Dec.  1805,  and 
translated  from  the  pupcr  coiniiuuiicated  by  this  autlior  to  the 
Journal  dc  Physique,  ixii.  120. 
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That  the  at-  ttuih  of  this  principle.  If  the  interior  surface  of  a  tube  of  gtass 
ghlMTube  on  ^^  covered  with  an  extremely  thin  coating  of  any  greasy  swb- 
water  docs  not  stance,  the  capillary  effect  will  be  destroyed  as  to  scBset^ 
cepUbte^diT^'^"  Nevertheless  the  tube  always  aCts  in  the  same  manner  upon  the 
tance  if  shewn  column  of  fluid  in  the  axis ;  for  the  capillary  attraction  must 
by  greasiog  it  ^  transmitted  through  bodies  in  the  same  manner  as  is  obsenr- 
'       *  ed  with  regard  to  gravity  and  the  attractions  and  repolsUms  of 

magnetism,  and  even  of  electricity.  Newton,  Clairauf,  and  aU 
geometers  who  have  subjected  this  class  of  attractions  to  com- 
putation, have  proceeded  upon  that  hypothesis  :  since  therefore 
the  capillary  attraction  is  destroyed  by  the  interposition  of  t 
coating  of  fat  matter,  however  thin  it  may  be,  it  niust  Ibllov 
"^  that  the  acdoo.of  the  tube  will  be  insensible  at  any  sensible 

distance. 
Mercnrjr  at-         The  following  phenomenon  affords  an  additional  proof  ol 
^emtd'a^aia  ^®  principle  here  announced.     It  is  known  that  by  strong 
tube  j  but  in     ebullition  of  mercury  in  a  capillary  tube  the  fluid  becomes  de-r 

^U^bjr'B^thin  ^•^^^  '^  ^®  ^^®^'  *"^  ®^^**  ****^^®  *^*  ^®^^  *^  ^^  boiling  be 
coating  of        Continued.     This  phenomenon  appears  to  me  to  depend  upon 

^^  ^'  the  thin  coating  of  water  which  in  the  ordinary  state  lines  the 

inner  surface  of  the  tube  and  weakens  the  mutual  action  of 
the  glass  and  the  mercury;  an  action  whiek  becomes  mom 
and  mere  manifest  in  proportion  as  the  thickness  of  that  coat* 
jng  is  diminished  by  the  heat  of  boiling.     In  the  experiments 
which  I  made  with  .M.  Lavoisier  upon  barometers  by  boiling 
the  mercury  for  a  long  time  in  them,  we  caused  the  convexity 
of  its  interior  surface  to  disappear ;  we  even  succeeded  in  ren- 
dering  it  concave ;  but  wc  always  restored  the  effect  of  tlie 
Capillarity  by  introducing  a  drop  of  water  into  the  tube.     If 
we  consider  the  extreme  thinness  which  the  aqueous  coat  must 
have,  particularly  when  the  tube  and  the  mercury  has  been 
.    well  dried,  which  process  is  not  sufficient  to  destroy  the  capil* 
larity,   we  may  form  a  judgment  that  the  action  of  the  ^ass 
on  this  fluid  is  not  sensible  but  at  insensible  distances. 
The  author's         Proceeding  on  this  principle,  I  determine  by  the  ibraolas  of 
f 'ISTr  Uie"*"  ^^  treatise  dc  Mecanique  Celeste,  the  action  of  a  mass  of 
theory  of  capil-  fluid  terminated  by  a  concave  or  convex  spherical  surface  upon 
lary  tubes.         ^^  interior  column  of  fluid  included  in  an  infinitely  narrow 
canal  which  passes  through  the  axis  of  that  surface.     By  this 
a.ction  I  understand  the  pressure  which  the  fluid  included  in  the 

canal 
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canxBi  would  exercise,  by  virtue  of  the  attraction  of  (he  entire  Laplace's  theo* 
mass,  upon  a  plane  base  situated  in  the  interior  of  the  canal,  7  **^**^?**^** 
perpendicular  to  its  sides^  at  any  sensible  distance  whatever  preuion  of 
from  tlie  surface,  that  base  being  taken  for  unity*  I  show^^~^^°|^ 
Ihat  this  action  is  less  or  ^ater  than  if  the  surface  were  plain ;  tioo  which  it 
less  if  the  surface  be  concave;  greater  if  the  surface  be  con-jjjjv^  ctj^u* 
«cx«.  Its  analytical  expression  is  composed  of  two  terms; 
the  first  much  greater  than  the  second,  expresses  the  action  of 
the  mass  terminated'  by  a  plain  surface,  and  I  think  that  on 
this  term  depend  the  phenomena  of  the  adherence  of  bodies  to 
each  other,  and  of  the  suspension  of  the  mercury  in  a  baro- 
meter tube,  at  an  elevation  which  is  three  or  four  times  greater 
than  would  arise  from  the  pressure  of  the  atmosphere.  The 
second  term  expresses  that  part  of  the  action  which  is  due  to 
the  sphericity  of  its  surface ;  it  is  positive  or  negative,  accord- 
ii^ly  as  the  surface  is  convex  or  concave.  I  shew  that  in  each 
case  this  term  is  in  the  inverse  ratio  of  the  radius  of  the 
spherical  surface.  Thence  I  conclude  the  general  theorem, 
aaoiely,  that  in  all  the  laws  wherein  the  attraction  is  not  sensi* 
ble  but  at  insensible  distances,  the  action  of  a  body,  termina* 
ted  by  a  curve  surface,  on  an  interior  canal  infinitely  narrow 
ami  perpendicular  to  that  surface  in  dny  point  whatever,  is 
equal  to  half  the  sum  of  the  actions  on  the  same  canal,  of  two 
apheres  which  should  have  for  their  radii  the  greatest  and  the 
smallest  of  the  radii  osculators  of  the  surface  at  that  point.  By  ^ 
means  of  this  theorem  and  the  laws  of  the  equilibrium  of  fluids^ 
we  may  determine  the  figure  which  a  fluid  mass  animated  by 
gravity  or  weight  must  take.  I  shew  that  in  a  cylindrical  tube 
of  considerable  diameter,  the  section  of  the  surface  of  the 
ilttid,  by  a  vertical  plane,  is  a  curve  of  the  genus  of  those 
which  geometers  have  called  elastic,  and  which  are  formed  by 
an  elastic  plate  or  blade  bended  by  weights ;  this  results  from 
the  circumstance,  that  in  that  section,  as  in  the  elastic  curve, 
the  force  due  to  the  curvature  is  reciprocal  to  the  radius  oscu* 
iator.  If  the  tube  be  very  narrow,  the  surface  of  th^  fluid  ap- 
proaches the  more  to  that  of  a  spherical  segment  as  the  diame- 
ter of.  the  tube  is  smaller.  I  afterwards  prove,  that  in  difier- 
ent  tubes  of  the  same  matter,  these  segments  are  nearly  alike ; 
whence  it  follows  that  the  radii  of  their  surfaces  are  very  nearly 
proportional  to  the  diameters  of  the  tubes.     This  similitude  of 

Kk2  the 
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Ijftpfaice^theo-  the  spherical  segments  will  be  evident,  if  we  consider  that  tha 
t^n  and  de-    '  (Hstance  where  the  action  of  the  tube  cea^^  to  be  sensible,  is 
prenioa  of        imperceptible ;  so  that  if,  by  means  of  a  very  powerfal  micro- 
effect  of  ftttrac-  *^^P^>  ^'®  could  succeed  in  rendering  it  sensible  to  the  amoiuit 
tioB  which  h     of  one  millimetre  (or  one  twenty-fifth  of  an  inch  English),  it  in 
Igry.         ■'      probable  that  the  same  amplifying  power  would  give  to  the 
diameter  of  the  tube  an  apparent  magnitude  of  several  mctt^. 
The  surface  of  the  tube  may  therefore  be  considered  as  being 
very  nearly  plain  in  a  radius  equal  to  that  distance ;  the  fluid 
in  that  interval  will  therefore  fall  or  rise  as  to  that  surfieure  very 
nearly  as  if  it  were  plain  :   beyond  that  space,   the  fluid   beii^ 
no  longer  subjected  as  to  sense  to  any  power  but  that  of  weight 
and  its  own  action  upon  itsiolf,  its  surface  will  be  extremely 
near  to  that  of  a  spherical  segment,  of  which  the  extreme  sides, 
being  those  of  the  surface  at  the  limits  of  the  sphere  of  sensi- 
ble activity  of  the  tube,  will  be  very  nearly  alike  inclined  to  the 
horizon  in  the  different  tubes ;  whence  it  follows  that  all  these 
segments  will  be  very  nearly  simifar. 

The  near  coincidence  of  these  results  gives  the  true  cause  o( 
the  ascent  or  depression  of  fluids  in  capillary  tubes  in  the  ia« 
verse  ratio  of  their  diameters.  If  through  the  axis  of  a  tube  of 
glass,  we  imagine  a  canal  infinitely  narrow,  which  being  recurr- 
ed a  little  below  the  tube,  shall  proceed  to  termitiate  at  the 
plane  and  horizontal  surface  of  the  water  of  a  vessel  in  which 
the  lower  extremity  of  the  tube  is  plunged,  the  action  of  the 
water  of  the  tube  on  this  canal  will  be  less,  on  account  of  the 
concavity  of  its  surface,  than  the  action  of  the  water  of  the 
vessel  on  the  the  same  canal ;  the  fluid  must  therefore  rise  in 
the  tube  to  compensate  this  difference ;  and  as  this  is  from 
what  has  been  shewn  in  the  inverse  ratio  of  the  diameter  of 
the  tube,  the  elevation  of  the  tube  above  iut  level  must  follov 
the  same  ratio. 

If  the  fluid  be  mercury,  its  surface  within  a  capillary  tabe 
of  glass  is  convex  ;  its  action  on  the  canal  is  therefore  stron^r 
than  that  of  the  mercury  of  the  vessel,  and  the  fluid  must  be 
depressed  in  the  tube  on  account  of  this  difference,  and  con- 
sequently in  the  inverse  ratio  of  the  diameter  of  the  tube. 

The  attraction  of  capillary  tubes  has  not,  therefore,  any  in- 
fluence on  the  elevation  or  depression  of  the  fluids  which  they 
include,  except  by  determining  the  inclination  of  the  first  planes 

of 
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of  the  surface  of  the  interior  fluid,  which  are  exlremcly  near  Laplace's  theo- 
tbe  sides  of  the  tube,  upon  which  inclination  the  concavity  or  J^o  «|/de^''*" 
convexity  of  that  surface  and  the  length  of  its  radius  depend,  pregsion  of 
If  by  ihewcffect  of  rubbing  the  interior  fluid  against  the  sides  of  effect  ofattnw* 
the  tube  the  curvature  be  increased  or  diminished,  the  capil-  tion  which  is 
lary  effect  will  increase  or  diminish  in  the  same  proportion.       ^       "Ph* 

It  is  interesting  to  ascertain  the  radius  of  curvature  of  tho 
torfece  of  water  included  in  capillary  tubes  of  glass.  This 
may  be  known  by  a  curious  experiment,  which  shows  at  the 
same  time  the  effects  of  the  concavity  and  convexity  of  sur- 
liices.  It  consists  in  plunging  in  water  to  a  known  depth  a 
capillary  tube,  of  which  the  diameter  is  likewise  known.  The 
lower  extremity  of  the  tube  is  then  to  be  closed  with  the  finger, 
and  the  tube  being  taken  out  of  the  water,  its  external  surface 
must  be  gently  wiped.  Upon  withdrawing  the  flnger  in  this 
last  situation,  the  water  is  seen  to  subside  in  the  tube  and  form 
a  drop  at  its  lower  base ;  but  the  height  of  the  column  is  al- 
wB.ys  greater  than  the  elevation  of  the  water  in  the  tube  above 
the  level  in  the  common  experiment  of  plunging  it  in  water. 
Thb  excess  in  the  height  is  owing  to  the  action  of  the  drop 
upon  the  column,  on  account  of  its  convexity ;  and  it  is  obser- 
vable that  the  increase  in  the  elevation  of  the  water  is  more 
considerable  the  smaller  the  diameter  of  the  drop  beneath, 
-The  length  of  the  fluid  column  which  came  out  by  subsidence 
to -form  the  drop^  determines  its  mass ;  and  as  its  surface  is 
•phericaly  as  well  as  that  of  tlie  interior  fluid,  if  we  know  the 
height  of  the  fluid  above  the  summit  of  the  drop,  and  the  dis- 
tance of  this  summit  from  the  plane  of  the  interior  base  of  the 
tube,  it  will  be  easy  to  deduce  the  radii  of  these  two  surfaces. 
Some  experiments  lead  me  to  conclude  that  the  surface  of  the 
interior  fluid  approaches  very  nearly  to  the  figure  of  an  hemis- 
phere. 

Clairaut  has  made  this  singular  remark,  namely,  that  if  the 
law  of  attraction  of  the  matter  of  the  tube  upon  the  fluid  differs 
only  by  its  intensity  from  the  law  of  the  attraction  of  the  fluid 
upon  itself,  the  fluid  will  be  elevated  above  the  level,  while  the 
intensity  of  the  former  of  these  attractions  exceeds  the  half  of 
the  intensity  of  the  latter.  If  it  be  exactly  the  half,  it  is  easy 
to  sbow  that  the  surface  of  the  fluid  in  the  tube  will  be  horizon- 
tal, and  that  it  will  not  be  elevated  above  the  level.     If  those 

two 
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LapUce*^  tbeo-  two  intensities  be  equal,  the  sur£K^  of  the  fluid  iR  die  tube  will 

'T^*^?!*^^  be  concave  and  hemispherical,  and  the  fluid  will  rise  above  tha 

pressiou  of       level.     If  the  intensity  of  the  attraction  of  the  tube  be  nothing, 

*1?^  ^Z  ^^    or  insensible*  the  surface  of  the  fluid  in  the  tube  will  be  convex 
^fflfect  of  Mtrac* 

tioD  which  u     and  hemispherical,  and  the  fluid  will  be  depressed   below  the 

ciUcd  capil-     i^yeL     Between  these  two  limits^  the  surface  of  the  fluid  wiU 
|aiy« 

be  that  of  a  shperical  segment,  and  it  wilfbe  concave  or  con* 

vex  accordingly  as  the  intensity  of  the  attraction  of  the  matter 

of  the  tube  upon  the  fluid  shall  be  greater  or  less  than  the  half 

of  that  of  the  attraction  of  the  fluid  upon  itself. 

If  the  intensity  of  the  attraction  of  the  tube  upon  the  fluid 
surpass  that  of  the  attraction  of  the  fluid  upon  itself,  it  appears 
probable  to  me  that  the  fluid  in  that  case,  attachii^;  itself  le 
the  tube,  will  form  an  interior  tube,  which  alone  will  raiae  dit 
fluid,  of  which  the  surface  will  be  concave  and  hemispherical. 
I  presume  that  this  is  the  case  with  water  in  a  tube  of  glass. 

After  having  considered  fluids  terminated  by  spherical  lor* 
fiices,  I  consider  them  as  terminated  by  cylindrical  surfoeei. 
This  case  is  that  of  a  fluid  included  between  two  planes  veiy 
near  each  other,  and  having  their  knver  extremities  plunged  in  a 
vessel  containing  the  same  fluid.  I  find  by  analysis  that  the 
.  jSuid  ought  to  rise  or  be  depressed  accordingly  as  the  cyliadrid 
surface  of  the  fluid  is  concave  or  convex,  and  that  this  eleva^ 
lion  or  depression  also  follows  the  inverse  ratio  of  the  distance 
between  the  planes.  I  find  also  that  the  elevation  or  deprcssioa 
is  equal  to  that  which  would  take  place  in  a  cylindrical  tube  of 
which  the  internal  semi-diameter  should  be  equal  to  that  di»» 
tance.  Having  obtained  this  result  by  analysis,  I  proposed  te 
M.  Hauy  to  verify  the  same  by  experiments,  and  he  found  it 
perfectly  conformable  to  tliose  which  at  my  request  he  made. 
And  afterwards,  upon  revi^ng  what  has  been  written  .on  the' 
capillary  action,  I  saw  that  these  experiments  had  already  beea 
made  with  great  care  in  the  presence  of  the  Royal  Society  of 
'London,  under  the  eyes  of  Newton,  and  that  their  result  is 
exactly  conformable  to  that  of  the  analysis.  This  may  be  seca 
by  the  following  passage  in  his  Optics,  an  admirable  work,  in 
which  that  profound  genius  has  anticipated  beyond  the  times  in 
which  he  lived,  a  great  numberof  origiaal  views  which  have  been 
confirmed  by  modem  chemistry.  <*  And  of  the  same  kind  ''  (says 
he,  question  31.)  '<  with  these  cxperimenU  are  those  whicl^ 

''  follow 
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**  follow:   If  two  plane  polished  plates  of  glass  (suppose  two  Laplace's  theo- 

«•  pieces  of  A  polished  looking^lass)  be  laid  together,  so  thatJ^^^J^^**^*' 

**  thetr  tides  be  parallel  and  at  a  very  small  distance  from  one  pression  of 

••  anodier,  and  their  lower  edges  be  dipped  into  water,   the^^^^^^^^ 

'*  wikfter  will  rise  up  between  them.     And  the  less  the  distance  tion  which  b 

•*  of  the  glasses  is,  Ae  greater  will  be  the  height  to  which  the^J^  "P** 

**  water  will  rise.     If  the  distance  be  about  the  hundredth  part 

^'  of  an  incb^  the  water  will  rise  to  the  height  of  about  an  inch  ; 

^  and  if  the  distance  be  greater  or  less  in  any  proportion,  the 

•*  height  will  be  reciprocally  proportional  to  the  distance  very 

**  nearly.     •••«««  Andifslendcrpipesof  glass  be  dip- 

**  ped  at  one  end  into  stagnating  water,  the  water  will  rise  up 

^  within  the  pipe,  and  the  height  to  which  it  rises  will  be  re« 

^*  ciprocally  proportional  to  the  diameter  of  the  cavity  of  the 

**  pipe,  and  will  equal  the  height  to  which  it  rises  between  two 

**  paneM)!  glass,  if  the  semi-diameter  of  the  cavity  of  the  pipe  be 

'*  ^ual  to  the  distance  between  the  planes  or  thereabouts.  And 

^  these  experiments  succeed  after  the  same  manner  in  vacuo  as 

**  in  the  open  air,  (as  hath  been  tried  before  the  Royal  Socle- 

**  ty),  and  therefore  are  not  influenced  by  the  weight  or  pres- 

'^  sure  of  the  atmosphere.'' 

The  capillary  phenomena  of  inclined  planes  and  of  conical 
and  prismatic  tubes  are  so  many  corollaries  of  my  analysis. 
Thus  it  is  observed  that  a  short  column  of  water  in  a  conical 
tube,  open  at  both  ends  and  kept  horizontal,  is  moved  towards 
the  summit  of  the  tube ;  and  froni  what  has  been  explained,  it  is 
clear  that  this  must  be  the  event.  In  fact,  the  surface  of  the  fluid 
column  is  concave  at  its  two  extremities ;  but  the  radius  of  its  * 
auriace  is  smaller  at  the  end  next  the  summit  than  at  the  end 
next  the  base  r  the  action  of  the  fluid  on  itself  is  therefore  less 
on  the  side  next  the  summit,  and  consequently  the  column  must 
tend  that  way.  But  if  the  column  of  fluid  be  mercury,  its  surface 
will  then  be  convex,  and  its  radius  also  less  towards  the  sum- 
mit than  towards  the  base ;  but  on  account  of  its  convexity, 
the  ac  ion  of  the  fluid  on  itself  is  greater  towards  the  summit, 
and  the  column  must  be  carried  towards  the  base  of  tha 
tube. 

We  may  balance  this  action  by  the  proper  weight  of  the  co- 
lumn, and  keep  it  suspended  in  equilibrio,  by  inclining  the  axis 
of  the  tube  to  the  horizon.    A  Tery  ample  calculation  shews 

that 
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Laplace's  tlieo-  tbat  if  the  length  of  the  column  be  very  smalU  tlie  sine  of  the 
twn^and  de^'*  inclination  of  the  axis  will  then  be  very  neariy  in  the  inwne 
prnnonof  .  ratio  of  the  square  of  the  distance  of  the  middle  of  the  coldmn 
e^toCa^ic  ^"^  *^®  summit  of  the  cone;  and  this  also  takes  place,  if 
tion  which  is  instead  of  causing  a  drop  of  the  tluid  to  move  in  a  conical  tube 
«wa  capil-  j^  jj^  made  to  move  between  two  planes  forming  a  very  smaU 
angle  between  them.'  These  results  arc  entirely  conformable 
to  experience,  as  may  be  seen  in  the  Optics  of  Ncv^ton  (queiy 

31.)* 

Calculation  also  teaches  us^  that  the  sine  of  the  inclination  of 

'  the  axis  of  the  cone  to  the  horizon,  is  then,  very  nearly,  equal 
to  a  fraction,  of  which  the  denominator  is  the  distance  of  the 
middle  of  the  drop  froni  the  summit  of  the  cone,  aiud  its  nn* 
merator  the  height  to  which  the  fluid  would  rise  in  a^yUndri- 
cal  tube,  having  for  its  dia nutter  that  of  the  cone  at  the  middle 
of  (he  column.  If  two  planes^  which  include  a  drop  of  the 
same  fluid  form  between  tljem  an  angle  equal  to  double  the 
angle  formed  by  the  axis  of  the  cone  and  its  sides,  the  incli- 
nation to  the  horizon  of  a  line  which  equally  divides  the  angle 
formed  by  the  [)lanes,  need  be  only  half  that  required  in  the 
axis  of  the  cone,  in  order  that  the  drop  ^ould  xemun  in  eqni- 
librio.  ' 

The  prccccding  theory  likewise  gives  the  explanation  and 
measure  of  a  singular  phenomenon^  presented  by  experimcuf. 
Whether  the  fluid  be  elevated  or  depressed  between  two  verti- 
cal planes,  parallel  to  each  otlier,  and  plunged  4n  the  fluid  at 
their  lower  extremities,  their  planes  tend  to  come  together. 
Analysis  shews  us  that  if  the  fluid  be  raised  between  them, 
each  plane  will  undergo,  from  without,  inwards,  a  pressure 
equal  to  that  of  a  column  of  the  same  fluid,  of  which  the 
height  would  be  half  the  sura   of  the  elevations,   above  the 
level,  of  the  points  of  contact  of  the  interior  and  exterior  sur- 
faces of  the  fluid  with  the  plane,  and  of  which  the  ba»c  should 
be  the  parts  of  the  plane  comprised  between  the  two  horixun- 
tal  lines  drawn  through  those  points.     If  the  fluid  bo  depiess- 
ed  between  the  planes,  each  of  them  will  in  like  manner  un- 
dergo from  without,  inwards,  a  pressure  equal  to  that  of  a  co- 
lumn of  the  same  fluid,  of  which  the  height  would  be  half  the 
sum  of  the  depressions  below  the  level  of  the  points  of  contact 
of  the  interior  and  exterior  surAices  of  (he  fluid  with  the  plane, 

and 
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and  of  which  the  base  should  be  the  part  of  the  plane  com-  lapUce'i.tlMok 
|>n3ed  between  the  two  horizontal  lines  drawn  through  those  ^ifuSt^ 

tXH&tS.  MOVKmof 

In  general^  if  we  compare  the  theory  which  I  expose,  to  the  effect  SaiSit* 
numerous  experiments  of  philosophers  on  the  capillary  action,  tioa  wlOr^Jt 
We  shall  see  that  the  results  obtained  by  those  experiments  are  jjjl^  ^*^ 
dedueible  not  by  vague  and  uncertain  considerations,  but  by 
a  train  of  geometrical  reasoning,  which  appears  to  me  to  leave 
'  no  doubt  of  the  truth  of  this  theory.     I  am  desirous  that  this 
application  of  analysis  to  one  of  the  most  curious  objects  of 
natural  philosophy  may  prove   interesting  to  geometers,  and 
excite  them  to  multiply  more  and  more  these  applicationti 
which  unite    the    advantage  of  giving  certainty  to  physical 
theories,  and  adding  to  the  perfection  of  the  analytical  art,  by 
the  frequent  demand  for  new  artifices  of  calculation. 

Note  (h}/  the  Author). 

The  demonstration  of  the  preceding  theories  will  be  published 
in  one  of  the  succeeding  volumes  of  the  Institute.    The  following 

'  results  of  analysis  may  serve  to  direct  those  who  may  be  disposed 

'to  deduce  the  principal  themselves. 

Let  us  denote  by  ^  (J')  the  law  of  the  attraction  of  a  fluid  par- 
tide  upon  another  particle,  placed  at  the  distance/;  ^.(/)  de* 
creasing  with  an  extreme  rapidity,  while  y  increases,  and  being 
insensible  for  every  sensible  I'aluc  of  f.  Let  us  also  designate  by 
c— tl  (/)  the  integral  /  df>  ^  (f)  taken  UomJ^o,  c  being  the 
value  of  that  integral,  whcny' is  in6nite ;  IT  (/)  will  in  like  man* 
ner  decrease  with  an  extreme  rapidity,  and  will  be  also  insensible 
for  all  the  sensible  values  of/.  1  ct  us  also  denote  Dv  c*— T  (/)  the 
integral //<//.  IT  (/),  c*  being  its  value  when /is  infinite;  t  (/) 
will  he  likewise  insensible  for  all  the  sensible  values  of/.  Lastly, 
let  us  denote  by  K  and  H  the  integrals  2  icfd  z,  f  (z)  and  2  T/xd 
s.  Y  (»)  taken  from  znul  to  z  iniinite,  r  being  the  semi-circumference 
of  which  the  radius  is  unity.  It  will  be  s.on  by  the  analysis  of  No* 
12,  of  the  second  book  ofl^  M^canique  Celeste,  that  the  action  of 
a  sphere  of  which  the  radius  is  b,  upon  the  fluid  included  in  a  canal , 
infinitely  narrow,  perpendicular  to  its  surface,  is  liC-f-  ^.  By  this 
action  I  understand  tlie  pressure  which  the  fluid  of  the  canal  would 
exert  by  virtue  of  this  action,  upon  a  base  perpendicular  to  the 
direction  of  the  canal,  placed  in  its  interior  at  any  sensible  distance 
whatever,  from  the  surface  of  the  body,  and  taken  for  unity.  This 
would  also  be  the  expression  of  the  action  of  a  body  terminated  by 
a  seusibic  r»egment  of  a  spliere  whobe  radius  is  6;  which  results 
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from  the.  consideration  that  the  attraction  it  not  sensible  Ixit  it 
insensible  distances.  If  the  surface^  instead  of  bong  oonyez,  b 
concave,  b  must  be  made  ncgatire,  and  then  the  action  beoomet 
K — S.    In  the  case  of  a  plane  or  where  b  i$  infinite,  it  booomts 

reduced  to  ^. 

These  attractions  are  of  the  safne  description  as  those  om  which 
the  refraction  of  light  depends,  fmd  which  I  have  conatdered  in  the 
Nos.  S  and  3,  of  the  second  book  of  my  M^canique  Celeste.  That 
which  renders  them  independent  of  the  dimensions  of  bodies,  is 
that  it  is  indiflferent  to  take  the  preceding  integrals,  from  tcro  to 
infinite,  of  from  zero  to  a  sensible  value  of  tiie  variable  quantity. 

The  theorem  relative  to  the  action  of  any  body  whatever,  upon 
an  interior  canal,  infinitely  narrow  and  perpendicular  to  its  sar- 
faoe,  is  demonstrated  by  observing  that  at  each  point  of  fSie  sur- 
face, we  may  conceive  arn  osculator  ellipsoid  vdiich  eonlbiiiids  it- 
•elf  with  the  body,  so  that  the  difference  of  the  actions  of  thefe 
two  bodies  upon  the  canal  is  insensible ;  and  it  is  easy  to  proie 
that  tlie  action  of  an  ellipsoid  upon  a  canal  which  passes  through 
one  of  its  axes,  is  equal  to  the  half  sum  of  the  actions  of  two 
spheres,  which  should  have  for  their  radii  the  greatest  and  the 
smallest  of  the  radii  osculators  of  the  surface  of  the  ellipsoid  at 
the  extremity  of  that  axis.    Calling,  therefore,  these  two  radii, 

5,  and  b\  the  action  of  the  body  will  be  JL^f-*  (i4^i*)  ^^  ^ 
case  of  a  cylindrical  surface  6  is  infinite,  and  the  action  beoones 
J^-h^,-  The  difference  between  this  action  and  that  of  a  body 
terminated  by  a  plane  surface  is  therefore  -?.  and  consequently 
the  half  of  what  it  would  be  if  the  surface  of  the  body  were 
spherical  and  of  a  radius  equal  to  b\  This  is  the  reason  why  a 
fluid  is  raised  or  depressed  between  two  parallel  planes,  only  half 
as  much  as  in  a  cylindrical  tube  equal  in  diameter  to  the  measure 
of  their  distance. 


Advantageous 
coloun  in  oil. 


XIII. 

Processes  for  making  cheap  and  durable  Paints  with  Fish-Oil. 
B}f  Mr.  Thomas  Van  Herman,  No  21,  Mary-U-bone 
Street^  Goldai  Square.* 

Jul  AVI  NG  applied  a  great  portion  of  my  time,   for  sewral 
years  past,  to  discover  a  method  of  preparing  a  cheap  and  du- 

*  Addressed  to  the  Society  of  Arts,  who  awarded  him  the  silver 
medal  and  twenty  guineas.    See  their  Ti-ansactions  for  1805. 

ruble 
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mUe  composition  for  the  defence  and  preservation  of  all  work 
exposed  to  the  inclemency  of  the  weather,  I  have  now  the  sa- 
tis&ction  of  laying  before  the  Society  for  the  Encouragement 
md  Arts,  &c.  specimens  of  some  of  the  above  colours  ready  pre- 
pared for  use,  which  will,  I  flatter  myself,  be  found  superior 
to  all  others,  for  cheapness  and  durability,  equal  to  any  in 
beauty,  and  not  subject  to  blister  or  peel  off  by  the  sun. 

The  vehicle  made  use  of  for  the  said  paints  is  fish-oil,   the  The  vehicle  is 

4*  i»    'I 

picparaticn  of  which  is  so  simple,  that  when  known,  gentlemen      "^ 

wBo  h^ve  largp  coQceri^s  to  painty  may  have  this  composition 

of  any  colour  manufactured,  and  laid  on  by  their  labourers. 

I  haye  sent  a  bottle  of  the  prepared  oil ;    also,   a  number  of 

pattems,  of  various  colours.     The  highest  price  of  any,  does 

not  exceed  three-pence  per  pound,  and  many  of  them  so  low  — «Dd  isvcrj 

as  two-pence,  in  a  state  fit  for  use.     I  have  likewise  sent  a^^P* 

pot  of  white-lead  which  has  been  ground  with  prepared  iish- 

oil,  and  whjch,   when  thinned  with  linseed-oil,   surpasses  aiiy 

srhij^  hidierto  ipadc  use  of  for  resisting  all  weathers,   and  re? 

taimng  its  whiteness.  I  hope  my  humble  endeavours  ^vili  merit 

the  approbation  of  the  Society,   before  whom,  I  will,  at  any 

time  they  shall  please  to  appoint,  make  the  various  experi* 

ineQfts  they  may  require. 

Joitmctioni  how  to  refine  one  ton  of  Cody  Whale^  or  Seal  Oil^  Rtfininf  pffidi* 
for  paintings  with  the  cost  attending  it. 

£.9.  d. 

One  ton  of  fish-oil,  or  252  gallons,  36    0  0 

32  ^llons  of  vin^gar,  at  2s.  per  gallon,    3    4  0 

12lbs.  litharge,  at  5d.  per  lb.    0    5  0 

ISlbs,  white  copperas,  at  fid.  ditto, 0    6  0 

)2  gallons  of  linseed-oil,  at  4s.  6d.  per  gallon,  •  •  •  •  2  14  0 

9  gallons  of  spirits  of  turpentine,  at  8s.  ditto,  •  f  •  •  9  l6  0 

£^S     5    O 

252  gallons  of  fish-oil, 
12  ditto  linseed -oil, 
2  ditto  spirits  of  turpentine, 
32  ditto  vinegar, 

298  gallons,  worth  4s.  6d.  per  gallon* 

L 1  2  Which 


2(50  «H«A'  «!•   »AI«X«., 


\» 


Which  produces  •  •  £67    1    0 
Deduct  the  expense  •  •  43     5    0 

£2Z  \6    0  profit. 

To  prepare  ihe  Vinegar  for  tke  Oil. 

Vintftr  with  Tnto  a  cask  which  will  contain  about  forty  gallons,  put  thir« 
litti*  hS^f  ty-two  gallons  of  good  common  vinegar ;  add  to  this  twel^ 
sine,  b  a^ita.    pounds  of  Uthargei  and  twelve  pounds  of  white  copperas  in 

•Und^withfifh-  P^^^^^^'J  ^""8  "P  ^®  vessel,  and  shake  and  roll  it  well  twica 
oU.  It  thus  a  day  for  a  week;  when  it  will  be  fit  to  put  into  a  ton  of 
IS^S?^.^  whale,  cod,  or  seal  oil ;  (but  the  Southern  whale  oil  is  to  be 
^ur|.  preferred,  on  account  of  its  good  colour,  and  little  or  no  smell) 

shake  and  mix  all  together,  when  it  may  settle  until  the  next 
day;  then  pour  off  the  clear,  which  will  be  about  seven-eighti 
of  tlie  whole.  To  this  clear  part  add  twelve  gallons  of  linseed- 
oil,  and  two  gallons  of  spirits  of  turpentine ;  shake  them  well 
together,  arid  after  the  whole  has  settled  two  or  three  days,  it 
will  be  fit  to  grind  white-lead,  and  all  fine  colours  in ;  and, 
when  ground,  cannot  be  distinguished  from  those  ground  in 
linsccd-i}ir,  unless  by  the  superiority  of  its  colour. 

If  the  oil  is  wanted  only  for  coarse  purposes,  the  linseed-oil 
and  oil  of  turpentine  may  be  added  at  the  same  time  that  the 
prepared  vinegar  is  put  in,  and  after  being  well  shaken  up,  is 
fit  for  immtMiatc  use  without  being  suffered  to  settle. 

The  vinegar  is  to  dissolve  the  litharge,  and  the  copperas  ac- 
celerates the  dissolution,  and  strengthens  the  drying  quality. 

The  residue,  or  bottom,  when  settled,  by  tlie  addition  of 
half  its  quantity  of  fresh  lime-water,  forms  an  excellent  oil  for 
mixing  with  all  the  coarse  paints  for  preserving  outside  work. 

Note, — All  colours  ground  in  the  above  oil,  and  used  for  in« 
fide  work,  must  be  thinned  with  linsecd-oil  and  oil  of  turpen* 
tine. 

j3^  The  oil  mixed  with  lime-water,  I  call  incorporated  oiij^ 
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PmiiitflnP< 

The  fnethod  <f  preparing  .nd  Hg.Mspence  of  tic  vartotif  andweO-irs* 

ImptnetraJbk  Fainii, 


^ 


Fmt.'-^'Subduei  Green* 

£.  t.  d^ 

Fresh  Um6»water,6gallon8  ■•••••••*•••• 0    0  3 

Road  dirt  finely  sifted,  1 12  pounds, •••••«•  oi  O 

Whiting,  112  ditto,   • -k*  0    2  4 

Blue-black,  30  ditto,    • 0     2  6 

Wet  blue,  20  ditto,  •  •  •  •   • 0  10  O 

Rcf  idue  of  the  oil,  3  gallons,  •• •- 0    6  O 

VcUow  ochi^  in  powder,  2i  poundpj  •••••r««f«*«  0    2  0 


<£l     4     1 


This  composition  will  weigh  9^8  pounds,  which  is  scarce 
one  penny  per  pound.  To  render  the  above  paint  fit  for  use, 
to  every  eight  pounds  add  one  quart  of  the  incorporated  cnU 
and  one  quart  of  iinseed-oil,  and  it  will  be  found  a  pidnt  with 
eveiy  requisite  quality,  both  of  beauty,  durability,  and  cheapv 
ness,  and  in  this  state  of  preparation  does  not  exceed  two* 
pence-halfpenny  per  pound ;  whereas  the  coal  lar  of  die  same 
colour  is  six-pence. 

The  method  of  mixing  the  ingredientefor  the  Subdued  Green. 

First,  pour  six  gallons  of  lime-water  into  a  large  tub,  then 
throw  in  142  pounds  of  whiting;  stir  it  round  well  with  a 
stirrer,  let  \i  settle  for  about  an  hour,  and  stir  it  again^  Now- 
you  may  put  in  the  112  pounds  of  road  dirt,  mix  it  well,  thel|^ 
add.the  blue-black,  after  which  the  yellow  ochre,  and  when  all 
is  tolerably  blended,  take  it  out  of  the  tub  and  put  it  on  9 
large  board  or  pladorm,  and  with  a  labourer's  shovel  mix,iiod 
work  it  about  as  they  do  mortar.  Now  add  the  wet  blue,  which 
must  be  previously  ground  in  the  incorporated  oil  (as  it  will 
not  grind  or  mix  with  any  other  oil).  When  this  is  added  to 
the  mass,  you  may  begin  to  thin  it  with  the  incorporated  oH  in 
the  proportion  of  onetjuart  to  every  eight  pounds,  and  then  the 
linseed-oil  in  the  same  plbpertion^  and  it  is  ready  to  be  put 
into  caski  for  use. 

Lead 
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Whiting,  112  pounds,    f..t.f . %...♦. ff.f«#  ••  O     2     4 

Blue-black,  5  ditto,  •*•#•••  f »•••-  018 

Lead  ground  in  oil,  28  ditto, •• O  14     0 

Road  dirt,  56 ditto,  •••• f i  O     0    6 

Lime-water,  5  gallons, • O     0    6 

Bendue  of  the  oil,  2|  ditto,  • » ,....,..•  O     S    0 

Weighs  256  lbs,  ;|?l     4    Q 

iTo  die  qbove  add  two  gallons  of  the  incorporated  oil,  and 
two  gallons  of  linseed*oil  to  thin  it  for  usej  and  it  will  no(  ex- 
ceed lf</«  per  pound. 

JHote* — The  lime-water,  whiting,  road  dirt,  and  blue-black, 
must  be  first  mixed  together,  then  add  the  ground  lead,  linl 
blendijig  it  with  two  gallons  and  a  half  of  the  prepared  fisb- 
oil,  after  which  thin  the  whole  with  the  two  gallops  of  linseed- 
oil»  and  two  galbns  of  iucorporatpd  oil,  and  it  nfill  be  At  for 
use*  For  garden  doors,  and  other  work  liable  to  be  in  con- 
stant use,  a  little  spirits  of  turpentine  may  be  added  to  the 
paifit  whilst  laying  on,  which  wiU  have  the  desired  effect* 

Bright  Green. 

£.  s.  d, 

112  pounds  yellow  ochre  in  powder,  at  2d.  per  lb.     O  18  8 

l68  ditto  road  dust, O     1  8 

112  ditto  wet  blue,  at  6d.  per  lb.     •••     ?  l6  0 

10  ditto  blue-black,  at  3d.  ditto,   ••? O     2  6 

6  gallons  of  lime-water,     •* • ••lO     O  6 

4  ditto  fish-oil  prepared, ♦ ••••••     O  12  0 

7-1  ditto  incorporated  oil,    • 0  15  O 

7i  ditto  linsecd-oil,  at  4s.  6d.  per  gjallon,  ••«•••     2     8  9 

592lbs.  weight,  £7  IS     1 

This  excellent  bright  green  does  not  exceed  three-pence 
farthing  per  pound  ready  to  lay  on,  and  the  inventor  challenges 
any  colour-man  or  painter,  to  produce  a  gr^n  equal  to  it  foe 
eighteen-pence* 

Afts 


•  • 
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After  pftintingt  the  colour  left  in  the  pot  may  bd  cofered^P^Bten^co- 
>%  ith  water  to  prevent  it  from  skinnhigy  and  the  brushes^  as  ^^  wdlmX 
usual,  should  be  cleaned  with  the  painting  knife,  and  kept  un-  pm^  wilhliA- 
der  water. 

A  brightergreen  nay  be  formed  by  omitting  the  blue-black ; 
and 

A  lighter  gre^n  may  be  made  by  the  addition  of  ten  .pounds 
ef  ground  white-lead. 

A  variety  of  greeili  may  be  obtained^  by  varying^  the  pro« 
portions  of  the  blue  and  yellow. 

Observe  that  the  wet  blue  must  be  ground  with  the  incorpo* 
ated  oil,  preparatory  to  its  bang  mixed  with  the  mass. 

Stone  Colour. 

£.  9.  d. 

Lime-water,  4  gallons,  •••••• •••••••  o  0  4 

Whiting,  112  pounds.   *.*.. o  2  4 

AVhite-lead  ground,  28  pounds,  at  6d.  per  lb.  •  •  •  •  0  14  • 

Road  dust,  56  pounds,  •*•••••• 0  0  6 

Prepared  fish-oil,  i  gallons,  ••-«•••••«-••••••••  o  6  • 

Incorporated  oil,  Z\  gallons,  ••••••• «••  0  7  0 

Linseed-oil,  3^  ditto,    ••••••••••••••••  0  15  9 

Weighs  293lbs.  £2     5  11 


The  above  stone  colour,  fit  for  use,  is  not  two-penct  per 
pound. 

Brofwn  2^» 

£•   s,  dm 

Lime-water,  8  gallons, ••• ••••     o    0  8 

Spanish  brown,  1 12lbs. 1     o  0 

Road  dust,  224lbs. o     2  0 

4  gallons  of  fish-oil, • 0  12  0 

4  ditto  incorporated  oil,    •....     q     3  0 

4  ditto  linseed-oil,     ••• ••     oig  0 

Weighs  501lbs.                                             ;f2     0  8 


This  most  cxcell«*nt  pa^nt  is  sc^'-^ly  one  penny  per  pound. 
The  Spanish  brown  must  bf*  i.i  v..  .vder. 

A  good 
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f&tenTed-  *  A  good  chocolate  colour  iS  made  by  the  adcEtion  of  Uiie^ 
22'^*''^  lilack  in  powder  or  lamp-blfick,  till  the  colour  is  to  your  mind, 
pvtdirithfii^iaid  a  lighter  brown  may  be  formed  by  adding  gjiround  white* 
^  lead. 

'    "  Kote.^^By  ground  lead,  is  meant  white-lead  groniid  m  oil. 
Yellow  is  prepared  with  yellow  ochre  in  powder,  iatbe  sane 
*  |iroportion  as  the  Spanish  brown. 

Black  is  also  prepared  in  the  same  proportion,  using  lamp* 
Uack  or  blue-black. 

To  whiten  Unseed'Oil. 

,  Take  any  quantity  of  linsced-oil,  and  to  every  g^on  add 
two  ounces  of  litharge ;  shake  it  up  every  day  for  Ibarteen 
days,  then  let  it  settle  a  day  or  two ;  pour  off  the  clear  into 
shallow  pans,  the  same  as  dripping- pans, -first  putting  half  t 
pint  of  spirits  of  turpentine  to  each  gallon.  Place  it  in  the 
son,  and  in  three  days  it  will  be  as  white  as  nut-oil. 

This  oil,  before  it  is  bleached,  and  without  the  tuipentine,  is 

r*&T  superior  to  the  best  boiled  oil,  there  being  no  waste  or  of- 
fensive smell. 

THOMAS  VANHERMAN. 

From  experiments  made,  it  appears  that  fine  sand  will  not 
answer  the  purpose  of  road  dirt  in  painting,  and  that  this  dry 
dirt  or  dust  collected  in  highways  much  travelled  by  horses  and 
'Carriages,  and  afterwards  finely  sifted,  is  the  article  recom*    J 
mended,  as  possessing  the  properties  required. 


Enclosed  you  will  find  a  letter  from  Mr.  Hill,  West  Lavant, 
Sussex,  builder,  and  surveyor  to  his  Grace  the  Duke  of  Rich-   J 
mond,  with  his  opinion  respecting  the  painting  of  his  Grace's 
liouse  and  premises,  at  Earl's  Court,  Little  Chelsea ;  \»hich  wss 
finished  December,  1803. 

The  Letter. 

I  have  just  received  your  letter  dated  the  15th  instant,  and 
am  happy  to  find  that  your  oil  and  colour  business  so  well 
aunds  the  test  of  others,  as  well  as  that  df  myself.  The  fisb- 
<al  composition  you  inadc  use  of,  in  all  the  paiatftig  you  have 

doM 
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done  atfiarFs  Court,  Kensington,  for  bis  Grace  the  Duke  of  Painter^  co« 
Richinobd,  under  my  supcrintendancey  in  1808-3|  was  ^ly  J^|di^^^^ 
•qual,  if  not  superior  to  any  painting  done  io  the  usual  way  parad  wiaM 
'Witklinteed-oil,  white-lead^  &c.  I  have  alio  the  highest  opinion  ^^^ 
tof  your  coarse  composition  and  fish-oil  you  made  use  of  on  the 
^out-buildings,  fences,  &c.  on  the  above  premises ;  the  great  body 
tmd  hard  surface  it  holds  out,  must  be  of  the  greatest  preserva* 
tion  to  all  timbers  and  fences,  exposed  to  open  air,  and  all 
weatheis.    It  must  also  be  of  the  greatest  service  on  plastered 
stucco,  external  walls,  &c. 

If  any  father  attestation  from  me,  relative  to  the  business 
yoix  did  at^  the  above  premises,  can  be  of  any  service  to  you^ 
yon  will  command. 

Sir,  your  obedient  servant, 
n^ett  Lacant.  W«  HILL. 

Id.  7th,  1805. 

1  b^  leave  here  to  subjoin  a  receipt  for  a  constant  white  tot 
-tiie  inside  painting  of  houses ;  which  paint,  though  not  divested 
■of  imeli  in  the  operation,  will  become  dry  in  lour  hours,  and 
"all  smeU  gone  in  that  time« 

White  Paint. 

To  one  gallon  of  spirits  of  turpentine^  add  two  pounds  of 
'frankincense,  let  it  simmer  over  a  clear  fire  until  dissolved  ; 
:Strain  it  and  bottle  it  for  use.  To  one  gallon  of  my  bleached  » 
linseed-oil,  add  one  quart  of  the  above,  shake  them  well  toge- 
ther and  bottle  it  also.  Let  any  quantity  of  white-lead  be 
ground  with  spirits  of  turpentine  very  fine,  then  add  a  sufiicient 
portion  of  the  last  mixture  to  it,  until  you  find  it  fit  for  lay- 
ing on.  If  in  working  it  grows  thick,  it  must  be  thinned  with 
spirits  of  turpentine. — It  is  a  fiat  or  dead  white. 


XIV. 

Letter  on  the  Properties  of  Tempered  Steel.    Front  a  Ccmt* 

pondent,     T.  B. 

To  ,Mr.  NICHOLSON. 
SIR, 

JLn  one  of  your  Journals,  I  do  not  recollect  which,  you  J^S^^t^***^ 
Vol.  XIV.— July,  1806.  M  m  siguified  psMditeii. 


signified  3^ur  intention  of  giving  in  a  future  oumber^  tomt 

ideas  upon  certain  singular  properties  of  tempered  steel.     A 

number  of  unexplained  facts  have  foi  some  time  been  knowm 

to  the  workers  of  steel-plate.     As  I  am  concerned  in  a  namk* 

llELCtory  of  the  kind,  and  in  the  daily  habit  of  witnessing  those 

curious  and  anomalous  appearances,  I  thought  you  mig^t  in 

some  measure  profit  by  the  followu^  description  of  the  changes 

which  take  place  in  the  various  processes  of  hardemng,  temr 

pcring,  hammering,  bumishing,  &c. 

Steel-plate  hsr-      I  took  a  steel  plate  30  inches  long,  12  broad,  and  about 

^^ioed  ^^        ,04  thick ;  I  hardened  it  in  a  composition  of  oil  and  tallow, 

to  fpring  tern-  ^^^  afterwards  tempered  it  down  to  a  spring  temper  ;  it  was 

p<*r.  loit  its      now  so  elastic  as  to  recover  its  position  after  being,  bended  ;  by 

hmnaaenn^     hammering  it  to  set  it  straight,  it  lost  a  part  of  its  elasticity'; 

grindiDg,  &.C.    after  being  grouud  in  the  same  manner  as  a  saw,  the  elasticity 

became  still  less,  having  nearly  returned  to  ^e  same  state  as 

before  hardened  ;  it  was  then  very  uniformly  heated  *tiU  it  be- 

— bqt  racnver-  c^me  blue,  it  now  recovered  the  whole  of  its  elasticity ;  after 

'^  ^'^^  h^^     being  glazed  bright  upon  a  glazier  coated  with  emery,  tiie  elas- 

iag.  ticity  was  found  to  be  impaiied,  but  in  a  less  degree  than  when 

it  was  ground  ;■  the  same  effect  was  also  produced  by  lubbiDg 

with  emery  or  sand-paper,  and  also  by  burnishing  ;  invariably 

the  elasticity  was  recovered  by  bluing,  and  hence  this  is  always 

the  last  operation  in  the  manufactory  of  elastic  steel-plate. 

Should  you  at  some  future  opportunity  favour  the  public  with 

your  opinion  oo  this  subject,  and  these  hints  have  in  the  least 

assisted  your  inquiry,  it  will  be  the  utmost  wish  of 

Your  humble  and  obedient  servant, 
Sheffieldy  T.  B. 

June  18,  1S05. 


XV. 

Description    of   a  process  for  clearing  Feathers  from  their 
AnimalOil,    By  Mrs,  Jane  Richardson.* 

Faathert  are       JL  AKE  for  every  gallon  of  clean  water,  one  pound  of  quick- 

wata^and""*'  lime  ;  mix  them  well  together,  and  when  the  undissolved  lime 

afterwards 

drained,  w«8b-      ♦  For  which  die  Society  of  Arts  awarded  twenty  guineas.    Ftom 

fd^and  dried.    ^^:^  TransactioAs,  ieo5.  The  attesUtions  were  wy  satifactery. 
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is  precipitated  in  fine  powder,  pour  off  the  clear  lime-water 
tor  use,  at  the  time  it  is  wanted.  ^ 

Put  the  feathers  to  be  cleaned  in  another  tub,  and  add  to 
tliem  a  quastity  of  the  clear  Hme- water,  sufficient  to  cover  the 
leathers  about  three  inches,  when  well  immersed  and  stirred 
jibout  therein. 

The  feathers,  when  thoroughly  moistened,  will  sink  down 
and  should  remain  in  the  lime-water  three  or  four  days,  after 
tMilch  the  foul  liquor  should  be  s^anxted  from  the  feathers  by 
laying  them  on  a  sieve. 

The  feathers  should  be  afterwards  well  washed  in  clean  water 
and  dried  upon  nets  ;  the  meshes  about  the  Oneness  of  cabbage- 
Bets. 

The  feathers  must  from  time  to  time  be  shaken  upon  the 
nets,  and  as  they  dry  will  fall  through  the  meshes,  and  are  to 
be  collected  for  use. 

The  admission  of  air  will  be  serviceable  in  the  drying ;  the 
whole  process  will  be  completed  in  about  three  weeks ;  after 
being  prepared  as  above  mentioned,  they  will  only  require 
kealing  ibr  use^ 


XVL 

Jffb/f/row  H,  Davy,  Esq.  F.  R.  iS.,  4*c.  ^-c^  on  the  Fluoric 

Acid  ia  WavclUte, 

To  Mr.  NICHOLSON. 

Dear  Sia,  Killamey^  Ireland^  June  15. 


I 


SHALL  feel  much  obliged  to  you,  if  amongst  the  articles  Flaoric  acid  ia 
pf  intdl^nce  in  your  Philosophical  Journal,  you  would  men-  waveHite. 
tion  that  I  have  found  the  acid  which  exists  in  minute  quanti- 
ty in  the  wavellite  (the  new  fossile  from  Barnstable)  to  be  the 
fluoric  acid,  in  such  a  peculiar  state  of  combination  as  not 
to  be  rendered  sensible  by  sulphuric  acid. 

I  am,  Dear  Sir, 
with  great  respect, 

Your  obedient  servant, 
H.  DAVY. 
W.  Nicholson,  Esq^ 

M  m  2  XVjn. 


fffl^  fciEVTtrie  HMwu 


xvn. 


SCIENTinC  NEWS. 


Prespeetut   rf  an  Eitablishment    to  be  called  tie  Ltmdm 

Chemical  Socktif. 

Ckemkal  fo-    XT  has  been  obsenred,  that  those  vho  cultivate  any  particnhr 
^*^T'  branch  of  experimental  science  arc  solicitous  of  associapfig. 

with  others  engaged  in  similar  studies;  a  common  interest  in 
ike  same  subject  of  conversation  excites  a  spirit  of  inqimyii 
thought  gives  rise  to  thought,  and  new  ideas,   collected  in  Iha. 
friendly  ihtercourse. of  society,  often  lead  to  investigatioiMi of 
Ae  greatest  importance.     The  student  finds  many  difikullM 
removed  which  impede  his  progress  by  the  ready  informatmi 
he  obtains  from  men  of  higher  acquirements,  whilst  those,  vfa^ ' 
are  skilled  in  chemical  pursuits,   frequently  receive  importaaf 
observations  from  the  mere  lover  of  the  science :   to  Mb  mtf- 
be  added,  ihat  men,  however  great  their  learning  or  ardour  may 
be  for  any  particular  branch  of  inquiry,  yet,  when  deprived  of 
the  opportunity  of  communicating  their  ideas  to  others,  noi 
only  become  negligent  and  uninterested  in  improving  the  stock 
of  krowledge  tliey  already  possess,    but  art-  seldom  aolicitouft 
about  the  further  cultivation  of  their  mental  powers. 

From  a  conviction  of  these  truths,  a  number  of  gentlemen, 
who  have  a  taste  for  philosophical  chemistry  are  deterroinod 
to  form  themselves  into  a  society,  in  which  the  talents  of  a 
number  may  be  united,  and  become  extensively  useful  to  each 
other,  by  mutual  communication  of  their  views,  their  laboursi 
and  acquisitions.  That  their  endeavour  may  prove  as  intcrest* 
JAg  as  possible,  particularly  to  those  promoters  of  cheraicat 
science  who  cannot  devote  much  time  to  the  perusal  of  litcra* 
ry  journals  and  periodical  publications,  arrangements  will  be 
made  to  collect,  as  specdiy  as  possible,  all  the  chemical  ne>vs 
which  issue  from  the  laboratories  of  other  operators,  both  at 
home  and  on  the  continent;  and  correspondences  will  be  es- 
tablished 
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UblUhcd  to  obtain  the  earliest  and  best  information  respecting  Chcmictf  «m 
whatever  shall  ofier  itself  as  new  and  important  in  the  depart*  ^*^y* 
meats  of  chcreistry,  of  natural  philosophy,  and  the  arts  and- 
aaau&cturesy  which  are  dependent  on  these  branches  of  know- 
ledge. To  keep  pace  with  the  existing  state  of  chemical 
science,  the  intelligence  thus  collected  shall  be  regularly  de-< 
tailed  in  their  respective  meetings ;  and  a  book  of  reference 
kept  as  a  regisler,  containing  the  growing  mass  of  philosophi- 
cal information,'  which  will  be  laid  on  the  table  for  the  use  of 
the  members ;  together  with  all  those  publications  and  acade* 
mical  journals  of  repute,  which  exhibit  the  transactions  of  in* 
genious  men  in  every  part  of  the  world. 

The  views  of  this  society  however  will  not  be  confined  to  the 
mere  detail  of  literary  intelligence  and  chemical  conversations ; 
a  principal  part  of  their  labour  will  devolve  to  the  practical  de^ 
partment  of  the  laboratory.  To  accomplibh  this  as  perfectly 
at  possible,  all  the  interesting  discoveries^,  which  from  time  to 
tUM  enrich  the  domain  of  chemistry,  and  particularly  those 
conplicated,  expensive,  and  difficult  experiments,  which  can  be 
wycated  by  few  individuals  only,  shall  be  exhibited  in  their 
^iMl  laboratory ;  being  persuaded,  that  important  experimen- 
tal inquiries,  when  once  witnessed,  seldom  /ail  tO/ excite  that 
degree  of  ardour  whiclf  g^ves  increasing  energy  to  scientific 
retearcb. 

From  this  the  Chemical  Society  will  direct  their  attention  to 
all  such  original  and  specific  experiments,  as  may  individually 
be  proposed,  and  the  results  they  afford  shall  be  minuted  in 
the  journal  of  the  laboratory,  kept  for  that  purpose,  and  after- 
wards published  in  such  a  manner  as  may  be  directed.  These 
inquiries  will  embrace  whatever  is  deemed  worthy  of  experi- 
mental research  in  the  extensive  departments  of  philosophical, 
practical,  and  technical  chemistry.  It  is  perhaps  needless  to 
state,  that  tlicir  laboratory  will  be  open  for  the  analysis  of 
ores,  soils,  manures,  and  such  substances  in  general  as  are 
found  in  the  British  dominions,  and  are  deemed  of  private  or 
public  importance. 

And,  as  it  is  certain  that  the  progress,  as  well  as  the  accu- 
rate and  extensive  ideas,  which  the  cultivators  of  chemical 
science  may  acquire,  are  greatly  facilitated  and  promoted,  by 
attending  to  the  manipulations,  and  processes  of  the  practical 

chemist ; 
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ClMMied  «.    dtenift ;  it  is  likewise  intended,  that  all  tke  imiltiiaiioaa  ope* 
^^'  rations  of  the  laboratory,  shall   be  regularly  tmjgtoyd  kit  ob- 

taining from  the  crude  materials  of  nature,  all  l^oia  siifail«a* 
ces  which  the  society  requires  as  instruments  of  tm&uA^  m 
as  specimens  of  tnHhs,  as  well  as  those  articka  wail  m  lbs 
chemical  arts,  and  by  manufacturers  and  arlista.  TUajiart 
of  the  views  of  the  Chemical  Society  will  conatitate  a  pM|n* 
tual  series  of  operations,  well  calculated  to  exhiUt  a  oiiflUBiiy 
exposition  of  all  the  general  and  particular  processea  of  the 
scientific  laboratory :  a  consideration  highly  important  to  th« 
progress  of  real  improvement. 

To  give  effect  to  this  undertaking,  a  regular  laboratoiyii 
already  fitted  up,  and  an  exten&ive  collection  of  apparatot  ui 
instruments  will  be  procured,  to  ensure  thos^  auxiliary  adfii- 
tages  which  are  essential  to  the  pursuit  of  the  science. 

Such  are  the  outlines  of  the  plan  to  which  the  views  of  iht 
Chemical  Society  will  be  directed.  A  more  particulajr  deliH 
of  rules  and  proceedings  would  be  premature  and  superii 
It  must  nevertheless  be  remarked,  that  whatever  ei 
ment  the  establishment  may  receive,  the  admission  of  rabicii* 
bere,  is  for  the  present  limited  to  sixty,  and  the  anmialsa^ 
fcription  fixed  at  three  guineas. 

An  unlimited  number  of  gentlemen  residing  in  the  countiy 
may  be  admitted  as  subscribers,  on  paying  one  guiuea  an* 
nually,  which  shall  entitle  them  to  visit  the  society  as  membeit, 
whenever  they  reside  in  the  capital,  provided  their  stay  in  town 
does  not  exceed  three  montlis. 

After  the  first  meeting  the  admission  of  members  shall  be 
decided  by  ballot,  and  those  who  arc  not  inclined  to  adopt 
the  regulations,  then  agreed  upon  by  the  majority  of  the  sub* 
scribei*s,  shall  have  their  subscription  immediately  returned. 

A  code  of  laws  will  be  formed,  and  proper  officers  elected 
so  as  to  form  a  regular  society,  which  shall  be  denominated 
the  London  Chemical  Society. 

The  admission  of  members  is  for  the  present  confined  to  a 
committee,  who  on  the  present  occasion,  address  the  chemical 
public,  and  request,  that  such  gentlemen  as  are  desirous  of 
becoming  subscribers  may  favour  them  with  their  names,  for 
which  purpose  a  book  is  opened  at  their  laboratory.  No,  11, 
Oid  Compton  Street,  Soho. 

Ancmi 
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Ancient  Works  m  Americay  resembling  Fortificatiom.* 

Hie  artificial  works,  best  known  by  the  name  of  fortifica-  Ancient  woifa 
licat,  are  daily  discovered,  in  great  numbers,  and  many  of  ™^*^^^ 
them  of  Tast  extent,  in  various  parts  of  the  United-States,  par- 
licidfiJy  in  the  fertile  countries  adjacent  to  the  rivers  Ohio 
and  Missisippi,  and  their  branches.  In  some  of  the  tumuli,  or 
IwiTOws,  connected  with  these  works,  copper  implements,  of 
difierent  kinds,  have  been  found.  So  tiiat  there  can  be  no 
doubt  that  the  people  who  formed,  or  who  possessed,  these 
woriu,  were  acquainted  with  the  use  of  copper.  But  how 
fiir  this  metal  was  in  general  use  among  thorn,  we  are  not  yet 
prepared  to  determine.  This  point,  however,  may  be  deter* 
mined,  at  some  future  period. 

Bishop  Madison's  ingenious  speculations  concerning  the  de* 
sign  of  the  works  alluded  to,t  have  induced  some  persons  to 
aiqppose,  that  they  were  neVer  intended  to  serve  the  purposes  of 
fortifications.  But  for  whatever  purposes  they  were  used,  it  is 
etr€m,  that  these  works  could  never  have  been  constructed  bj 
a  ptople  in  the  state  of  society  in  which  the  Europeans  found 
the  Indian  inhabitants  of  the  tracts  of  country  in  which  tba 
supposed  fortifications  are  so  abundantly  distributed :  and  we 
aeem  to  proceed  with  entire  safety  in  asserting,  that  they  must 
bttfe  been  constructed  by  tribes,  or  nations,  who  were  extreme^ 
fyfmmerou4* 

The  Rev.  Mr.  Harris,  of  Massachusetts,  has  lately  favoured 
die  public  with  some  additional  observations  concenung  the 
design  of  these  works,  and  concerning  the  people  by  whom 
they  were  erected. |  But'  this  gentleman's  hypothesis  oh  t^e 
latter  subject  is  not,  in  any  essential  respect,  different  from 

«  From  Barton's  Philadelphia  Medical  and  PhysicalJoamatt 
VoL  iL  1805. 

t  A  Letter  on  the  supposed  Fortificadons  of  the  Western  coua» 
try,  from  Bishop  Madison,  of  Virginia,  to  Dr.  Barton.  See  Trans- 
actions of  the  American  Philosophical  Society.     Voh  vi.  Part  1. 

No.  aa^ 

t  Joamal  of  a  Tour  into  the  Territory  North-West  of  the  Aileg- 
haney  Mountains,  made  in  the  Spring  of  the  year  1803,  &c.  &c. 
Boston:  1805. 

that 
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AncieBtwotto  that  which  the  editor  of  this  Journal  published,  Mvend  jean 
*■  ^"■«*«-      ago,  viz.  first  m  1787,  and  again  in  179C-* 


*  Some  time  ago,  I  was  in  conversation  with  a  Mr.  Nathaniel 
Brittain,  living  in  Mount-Bethel  township,  on  the  topic  of  some 
of  our  American  antiquities.  He  told  me,  that  a  Mr.  OtiloD, 
and  another  person,  whose  name  I  have  foigottea,  who  were 
formerly  his  neighbours,  had  emigrated  to  some  of  the  western 
counties  of  this  state  (Pennsylvania) «  and  a  few  years  since 
paid  him  a  visit,  when  he  was  informed  by  them,  that,  at  some 
salt-lick,  which  afforded  a. small  qtmntity  of  brackish  water 
(I  think  he  said  on  Gaston's  land),  under  a  belief,  if  they  were 
to  dig  a  hole  to  some  depth  into  the  earth,  a  greater  quantity 
of  salt-water  might  be  acquired,  they,  accordingly,  dug  doim 
tome  depth,  when  they  came  to  the  side  of  a  rock,  from 
whence  the  water  seemed  to  filter ;  that  on  clearing  the  earth 
from  the  rock,  they  found  an  old  pot  (I  foi^t  wether  of  inm  or 
earth),  a'  shovel,  and  some  tubes,  dirough  which  the  water 
appeared  to  have  been  conveyed. 

At  another  place,  at  sqme  flat  near  a  river,  a  man  beg^  to 
^  a  well,  and  after  working  to  some' depth,  he  came  to  a 
lai^  flat  stone.  This  he  worked  out,  and  found  it  to  cover 
an  old  walled  well,  with  water  at  the  bottom. 

I  should  think  these  to  be  subjects  worthy  of  the  inquiry  of 
your  friend  B*****,  and,  if  the  reports  were  found  to  be  true, 
tiiey  would  make  a  curious  addition  to  his  work  en  American 
Antiquitcs. 

Mr.  JOHN  ARNDT. 

Letter  to  Mr.  John  Hecktwdder, 
dated  Eastom  (Penn$ylxa»ia)^ 
March  \6th^  1800. 

*  See  Observations  on  certain  parts  of  Natural  History,  &c.5rc. 
London  ;  1787 ; — and  Papers  relative  to  certain  American  Antk^uir 
tiesi&c.&c    Philadelphia:  1790.  4tO| 
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ARTICLE  I. 


» 


ffutUne  of  the  principal  Jnccniions  bj/  which  Tmfkeepcrs  'have.    .  ,  . 
been  brought  to  their  present  Degree" of  Ferfection.    Re-f 
ceived  from  aCqrrespond^t.  '  *    •  < 

X  wo  considerable  rewards  having  been  lately  granted  by  The  rewards 
the  Board  of  Longitude  for  impro\'ements  in  timekeepers,*  it  ***^^y  given  by 
becomes'  interesting  to  science  to  point  out  the  progress  w'hich  oitert  of  Loa- 
the art  of  chronomctry  has  made  for  some  years,  and  ^^  cs- J^^'?J^^"*^^ 
tabiish  to  the  real  authors  the  property  of  their  respective  in-  cbronometrical 
▼entions,  as  far  as  evidence  can  be  collected  from  books  of  "n^«"^^"*  *"**•  * 
credible  reports  :   And  this  is  the  more  important  to  truth,  — ^ore  e«ped* 
because  the  account  of  those  rewards  has  been  publicly  stated  ^f  j^igtjce, 
in   terms    so    positive,  and   with    pretensions  so  high,    that 
those  unacquainted  with  the  true  history  .mjght  be  induced  to 
think  that  something  attempted  in  vain  before,  had  been  actU-  ' 
ally  performed  by  those  claimants ;  and  that  machines  had 

*  To  Mr.  Arnold  for  his  father's  improvements,  and  to  Mr. 
Earushaw  for  his  own.     See  Nicholson's  Jounii^I,  vol,  xiii. 

Vol.  XIV.— August,  1806.  "    N  n'     '.  nOw 


m'jA  isvEKTiON  OT  eHiiawoHiT«a«,  Ac. 

I  now  for  Ihe  first  lime  been  produced,  capable  of  dclei 

Uic  UmgUudc  at  wa. 
ficnmlclf.-  The  madiiues  which,  for  centuries,  have  Seen  commonly 

rnjuionofma-  ^^j  [„ ^jgajurg  timc. consislof  a  movement,  or  train ofwb«Is, 
iuringtiiDo.      drawn  by  a  weight  or  spring,  and  a  regulator,  the  object  of 
which  is  to  keep  the  motion  of  the  train  within  the  required 
The  train  nnd    degree  of  uniformity.     A  continual   rotatory  motion,  which 
Uie  ngul»iing   constantly  tcndi  to  accelerate,  is  tlius  corrected   by  means  of 
an  alternate  raolion ;  while  the  power  which  carries  ronnd  the 
movement  restores,  also,  to  the  regulator  the  action  lost  by 
Tho  EKBpe-      fricibn  and  other  causes.     The  mechanism,  by  which  the  mo 
tiKDiuttje       principal  parts  act  on  one  another,  is  called  the  escapement; 
of  inudern         and  this  most  admirable  toiitrivance  mny  be  reckoned  the  dii- 
clock^  tioguishing  characteristic  of  the  modem  art  of  timepiece  ma- 

kii^.     It  is  not  the  object  of  the  present  imiuiry  to  trace  tba 
history  of  the  successive  alterations  and  improvements  made  in 
the  construction'of  clocks  and  watches  upon  that  principle; 
but  briefly  to  mention  such  inventions  as  have  been  proposed 
from  the  middle  of  the  seventecnlli  century,  and  ba»e  had  a 
direct  influence  on  the  progress  uf  chronomolry. 
r.reatirnitrnre-      A  very  ingenious  invention  to  improve  the  movement,  or 
a«nt'if(*f('"n,j,g(  p^jj  of  the  timepiece  which  is  cotrccled  by  the  regulator, 
is  the  i-tmontoir.     The  action  of  the  movement  on  the  regula- 
tor suffers  continual  alterations,  by  the  inequalities  which  pro- 
ceed from   the  nature  of  tlie  weight  or  spring,  and  by  those 
which  occur  in  the  friction  of  the  pivots  anti  leeth  of  itie 
wheels.     In  order  to  prevent  those  alterations  from  aflcctiif 
the  regularity  of  the  going  of  the  machine,  the  usual  weight  or 
— whicli  U  «      spring  lias  been  employed,  only  to  wind  up.  at  very  short  inlei- 
foniriv.n™  for  ^.^j^  ^f  jj^^^p^  ^  secondar)-  power,  which  may  thus  be  supposed 
very  (rctiueNtly  to  be  uniform,  and  is  the  one  which  acts  immediately  on  th^ 
wlTkTi'apU        rcguliitor,  by  means  of  the  escapement.     This   contrivance 
thet¥(!uialof:    seems  lo  have  lieen  executed  about  16OO;"     but  Christian 
ih«»°iw"u1ii-  '^".VP""  '5  ''"'  '■"l-t  to  whom  we  all'  indebted  for  an  expla- 
fcirm,  nation  of  this  kind   of  mechanism,  with  b  weight  ;  and  lit 

—""lafni-rtl"   pfhably  conceived  that  idea  without  any  previous  hints  from 
ttiiygenn.  rIco    Others.     Lcibniti!,  however,  a  lillle  aAi^ r wards  t  published  the 


*  Histoirc  dc  In  Mcsure  du  Temjis,  par  F,  Bcrthoud,  Toi. ; 
t  Horolosiura  OscilUtorium,  1073,  p.  J8. 
]  Pliilosophical  Transactions,  1675,  No.  118. 
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invention  of  a  spring  remontoir,  as  a  new  thing ;    and  Dr.  —claimed  by 

Hooke  * 
Hooke  on  this  occasion*  asserted,  tliat  Ife  had  also  known  that 

way  ever  since  A.  l660;  but,  as  he  had  never  declared  it  to 

anybody,  b^  could  not  say  that  it  had  been  taken  from  him» 

The  principle  of  the  remontoir  has  since  been  adopted  by  J. 

Harrison  and  some  others,  but  it  has  never  become  general ;  —  and  adopted 

and  it  is  supposed  that  we  actually  possess  more  simple  means  ^  Hapruou. 

of  attaining  the  same  advantages. 

The  greatest  step  ever  made  in  the  improvement  of  the  re-  Great  improre* 
gulator  of  timepieces  was  the  application  of  the  pendulum  for l^J^^KythT 
that  purpose ;  and  the  merit  of  the  invention  cannot  be  denied  application  of 
to  Huygens,  who  executed  and  explained  it  in  the  most  satis*  ^*^^*'**'^"^* 
factory  manner  in  his  Horologium  Oscillatorium,  though  cer- — ascribed 
tainly  he  was  not  the  first  who  conceived  the  idea  of  employ-  teni. 
ing  the  pendulum  to  measure  time,  nor  even  perhaps  the  first 
who  thought  of  attaching  it  to  a  clock.     The  complete  practi- 
cal benefit  of  the  pendulum  was  not,  however,  the  result  of  the 
profound  investigations  of  that  great  philosopher  to  procure 
cycloidal  vibrations ;  and  its  accomplishment  is  due  to  the  in-  Cydoidal  vi- 


vention  of  the  anchor  and  dead-beat  escapement,  which,  per-  Anchor 
mitting  only  narrow  vibrations,  obviated  the  inconveniences  ""*'*^ 
observed  when  the  pendulum,   suspended  on  a  thread  with 
cheeks  to  modify  tlie  vibrations,  was  used  with  the  old  recoil 
escapement.     Huygens  also  invented  the  application  of  a  pen- 
dulum with  conical  or  circular  motion,  and  the  theory  and  Conical  pendo* 
contrivance,  used  by  him  for  that  purppse,  do  great  honour  to  *""• 
his  genius ;  but  the  success  did  not  answer  his  expectation, 
and  it  docs  not  appear  that  any  attempt  has  been  since  made 
to  render  those  principles  useful  in  practice. 

Huygens  constructed  a  timekeeper  for  finding  the  longitude  The  fint  tinw- 
at  sea,  which  is  the  first  practical  attempt  of  that  kind  that  was  ^^"LmJiT** 
attended  with  any  degree  of  success ;  though  the  notion  of  do-  with  a  pend«« 
lermining  the  longitude  by  that  method  was  proposed  so  early  '""* 
as  the  beginning  ot  the  seventeenth  century  by  Gemma  Frisius,f 
and  followed  by  Mctius  and  others.     A  timekeeper  of  the  con- 
struction of  Huygens  was  tried  by  Major  Holmes  in  1664-, 

*  Philosophical  Transactions,  1675,  No.  118. 

•f  De  Priatipiis  Astronomias  et  Cosmographise,  1^30. 

N  n  2  who 
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who  save  a  favourable  account  of  it;*  and  some  other  trial* 
were  afterwards  made  in  France  and  Holland  with  various  suc- 
cess, which  the  author  t  attributes  to  the  bad  management  of 
those  who  had  charge  of  the  machmcs,  but  which  we  may 
Tenture  to  ascribe  principally  to  the  nature  of  their  construc- 
tion. Huygen^'  timekeeper  was  maintained  by  a  springs  regu- 
lated by  a  pendulum,  and  the  whole  was  suspended  in  such  a 
manner  as  was  supposed  most  proper  to  procure  the  indispea- 
sable  stability. 
Timepi«ce«  Timepieces  with  a  pendulum  regulator  are  certainly  the  most 

witha  pendn-   perfect,  when  they  are  kept  in  a  fixed  situation ;  and,  for  that 
land  use:  reason,  these  are  the  only  sort  used  m  astronomical  observato- 

ries.    But  external  motion  is  so  contrary  to  the  regularity  of 
their  performance,  that  no  sea  chronometer  has  been  since  at- 
—those  with  a  tempted  to  be  constructed  upon  tliat  principle.     The  balance 
balance  for  sea.  regulator  remained,  as  affording  the  only  method  by  which  the 
desired  uniformity  might  be  obtained  in  portable  machines; 
and  the  great  improvement  made  in  that  regulator,  by  the  ad- 
dition of  a  spiral  spring,  may  ie  considered  as  one  principal 
cause  of  the  perfection  which  has  been  since  attained  in  them. 
The  first  invention  of  attaching  a  spring,  to  give  to  the  balance 
by  its  elasticity  a  power  which  renders  the  action  of  this  sort  of 
regulator  similar  to  that  of  gravity  in  the  ]>endulum,  is  un- 
Tbe  balance      doubtcdly  due  to  Dr.  Hooke,  though  it  is  not  so  clear  whether 
spring  \vaa  in-   |jg  ^^^^  applied  it  in  the  shape  of  a  spiral,  as  has  been  so  long 
Robt.  Ho«ke.    practised  since.     F.  Berthoud,  in  his  HUtoire  de  la  Mesure  du 
TempSy  (vol.  i,  pp.  134  to  141),  gives  a  body  of  extracts  from 
several  works  relative  to  this  subject ;  and  concludes,  that  Dr. 
Hooke  only  applied  a  straight  spring  to  the  balance,   and  that 
Historical  re-.    M.  Huygens  improved  upon  that  idea,  and  contrived  the  spiral 
the  balance       sp""g>  which  is  morc  favourable  to  the  vibrations  of  the  ba- 
sprinf.  lance.     M.  Iluy^cns,   indeed,   applied  in   France  a  balanca 

spring,  the  account  of  which  has  been  published  in  the  Philo- 
sophical Transactions  for  167.5,  No.  112;  but  Dr.  Hooke,  in 
the  Postscript  to  his  Description  of  Heliosco|x»s,J  asserts  that 
the  hint  was  taken  from  the  e.xperimcntb  he  had  made  in  l6(J4, 

*  Philosophical  Transactions,  1665,  vol.  i.  p.  13. 
t  llorologium  Oscillarorium,  1673,  p.  IT. 
t  Lcctioncs  Cutleriansp,  1679. 
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in  Gresham  College,  where  he  explained  above  twenty  several 
tcdys  by  whUh  springs  might  be  applied  to  do  the  same  thing  ; 
and  complains  of  Mr.  Oldenbourg,  secretary  to  the  Royal 
Society,  for  his  conduct  and  supposed  partiality  to  the  Dutch 
philosopher*     Mr.  Oldenbourg  justified  himself  against  that 
accusatipn  immediately  ;  but  it  is  worthy  of  remark,  that  ia 
his  account  of  the  matter  laid  before  the  public,*  while  he  men- 
tions that  Dr.  Hooke's  application  of  the  spring  to  the  balance 
had  failed  repeatedly,  and  gives  several  reasons  to  shew  the 
fairness  of  his  proceedings,  no  difference  of  figure  is  stated  bj 
him  to  distinguish  the  manner  of  applying  that  principle  by  the 
two  competitors ;  and^  as  this  difiference  would  have  proved  a 
very  strong  ground  of  exculpation  to  Mr.  Oldenbourg,  hit 
silence  upon  the  subject  affords  reason  to  suppose  that  it  did 
iiot  exist,  and  that  Dr.  Hooke  had,  before  Huygens,  actually 
applied,  or  shewn  the  method  of  applying,  the  balance  spring 
in  the  shape  of  a  spiral.f 

In  relating  the  progress  of  timepiece  making,  we  must  not  Adrantegct  «f 
omit  mentioning  the  use  of  precious  stones,  Particularly  rubies,  ^JJ^r^^^Jl^ 
to  form  the  holes  in  which  the  pivots  of  the  wheels  turn,  andoftimef»ieoi% 
the  pallets  upon  which  the  action  of  the  teeth  is  exercised. 
These  jewds,   by  the  high  polish  given  to  them,  reduce  the 
quantity  <^  friction  ;  and,  not  being  liable  to  the  wear  which 
takes  place  in  metal  rubbing  upon  metal,   the  machine  with 
that  addition,  not  only  becomes  more  durable,  but  acquires  a 
degree  of  uniformity  in  the  motion  of  the  pieces,  which  is  very 
feivourable  to  the  regularity  of  its  going. 

It  does  not  seem  easy  to  discover,  with  sufficient  certainty,  The  inventor  of 
the  date  and  author  of  the  application  of  jewelling  to  clocks  and  "J^^Mcnon^  •  it 

watches.     F.  Bcrthoud  says  |  that  the  art  of  perforating  rubies  is  ascribed  to 

Fatio. 

«  Philosophical  Transactions  for  1675,  No.  118. 

t  It  is  asserted  (Supplement  to  the  Encyclopaedia  Britannica, 
article  watch  work,  vol.  ii  p.  785)  that  Dr.  Hooke  first  applied  the 
straight  spring,  and  then  the  cylindrical  or  helical  spring,  such  as 
has  been  employed  by  the  late  Mr.  Arnold,  which  he  afterwards 
gave  up  for  the  flat  spiral  spring ;  but  I  have  not  been  able  to  dis- 
cover the  proof  of  this  statement. 

X  Supplement  au  Trait6  des  Uorloges  Marinest  Introduction, 
p.  viii.  note. 
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Cpercerdet  rubis)  wa»  proposed  in  France,  during  the  npriity, 
l)y  H.  Palio,  a  Geneioic,  wlio,  nol  niwling  with  encouT^ement 
there,  came  tn  England,  where  )iU  secret  was  received  and 
Bdo|ileil ;  and  lie  itleri  for  his  authority  to  II.  SuUy's  JItgle 
AtiifickUrdu  Tempt  ihwi  I  have  not  fuund  thisaccoum  in  the 
edition  (if  lliiibook  dated  I'lZial  Paris;  which  is  the  only  one 
t(j  which  I  hiLvc  access :  the  passsogc  alluded  to  may  probably 
appear  in  the  edition  of  1726,  puWiahed  after  the  death  of  tW 
author,  by  Julicn  Ic  Roy.  Be  this  as  it  will,  the  art  of  jewel- 
ling, of  which  Harrison  afailcd  himself  with  judgment,  has 
been  ever  since,  and  continues  to  be,  a  material  article  in  the 
con.'Iruclion  of  limekccpers. 

The  above-mentioned  Henry  Sully,  an  Englishman,  *lio 
settled  in  France  in  the  beginning  of  tLe  last  ceniary,  may  b« 
esteemed  the  first  of  those  great  artists  who  have  carried  tlw 
manufactory  of  watche::  to  the  high  degree  of  perfection,  whicb 
it  still  maintains  in  that  country.  He  laboured,  with  uncom- 
mon skill  and  jierseverance,  in  making  timekeepers  for  sea  on  a 
new  plan,  of  which  he  made  a  tiiol  at  Bordeaux  in  1716-,  but, 
the  author  dying  immediately  aflorwards,  his  construciica  re- 
mained useless,  and  has  never  been  copied  or  iinpmveduncc 
thai  time.  Indeed  the  method,  according  lo  which  he  intended 

;  lo  effect  the  isochionism,  by  means  of  a  lever  suspended  on  i 
thread,  or  flexible  wire  passing  over  curved  chcelts,  to  modi^ 
the  vibrations  of  a  vertical   balance,  though  nol  the  same  iD 

■  principle,  is  so  similar  in  its  inconveniencie*  to  Huy^ens'  pen- 
dulum, that  we  cannot  wonder  if  it  has  failed  before,  nor  ei- 
pcci  that  it  will  ever  be  useful  for  piriable  machines  in  futurt.' 
Sully  made  and  published  in  his  works  a  variety  of  ideal 
and  inijuirics ;  hut  the  principal  piuctical  improvement  which 
be  seems  to  have  at  first  proposed,  and  has  since  his  time  bccs 

,  frequently  employed  in  liraepieces,  particularly  in  France,  i» 
the  application  of  rollen  to  diminish  the.  iHction  of  pivots  io 
timekeepers. 

n  Before  Sully's  death,  John  Harrison  had  pnibabty  rati.* 
some  progress  in  his  labours  for  the  improvement   of  tiini> 

*  Sully  published  an  explonntiiin  of  hi*  timekeeper,  in  a  boul 
inuiiiled,  Desciipiion  ahregec  d'  une  llorloge  de  nourelle  Invto- 
tion,  pour  U  Juste  uicsure  du  Temps  en  Mer.  179C. 
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pieces.  That  extraordinary  man,  having  produced  the  first  British  parlia- 
inachines,  which,  upon  repeated  trials,  met  with  success,  to  ^^"pigc*. 
the  extent  required  for  the  great  reward  oflfered  by  parh'ament, 
must  be  reckoned  the  father  of  modern  chronometry;  and  his 
long  and  active  career  has  proved  extremely  useful  by  stimu* 
lating  with  so  bright  an  example  other  artists  to  similar  endea- 
vours. The  principles  of  Mr.  Harrisons  watches  are  well 
"knoMTD ;  and,  as  most  parts  of  his  construction  have  been 
superseded  by  more  simple  contrivances,  we  shall  only  mention  ^ 

the  principal  inventions  of  which  he  appears  to  be  the  author, 
and  which  are  still  used  by  the  watchmakers  of  the  present 
day. 

The  going  fusee  is  one,  among  those  inventions,*  which  has  Hanwoiiia* 
proved  the  most  generally  useful  in  practice.      By  this  simple  gdngfutn. 
mechanism,  the  main  spring,  while  the  watch  is  going,  acts,  on 
an  intermediate  short  spring,  which  Harrison  calls  the  secondary 
spring,  and  is  constantly  kept  bent  to  a  certain  tension  by  the 
former ;  and,  when  the  watch  is  winding  up,  and  the  principal  Pescriptioii  of 
spring  ceases  to  act,  the  secondary  spnng  being  placed  m  ajg^. 
ratchet  wheel,  which  is  hindered  from  retrograding  by  a  click, 
continues  the  motion  without  alteration.     Other  contrivances — it«  advuiCao 
bave  been  proposed,  and  executed,  to  make  timepieces  go  whjle  ^^ ' 
winding  up ;  but  none  which,  like  this,  combines  the  advan- 
tage of  simplicity,  and  the  propeity  of  providing  a  supplemen- 
tary power,  which  is  equal  to  that  of  the  main  spring  when  its 
action  ceases*     And  it  is  to  be  observed,  that  the  utility  of  — ^nd  great 
the  going  fusee,  which  has  induced  manufacturers  to  ^^tro- ^J^I^J^^^  "^ 
duce  it  into  all  good  watches,  is  peculiarly  important  in  those 
timepieces  which  have  not  the  power  of  setting  themselves  in 
motion,  as  is  the  case  with  the  best  modern  escapements. 

Harrison  invented  also  a  compensation    for  the  effects  of  Harrison's 
heat  and  cold,  which    at  the  time    was  perfectly  new,  and  J^"*?^"^^ 
has  led  to  the  improvements  made  afterwards  in  that  essential  of  heat  aad 
requisite  of  timekeepers,  ^®^^* 

*  We  have  heard  that  this  piece  of  mechanism  was  first  invented 
by  a  maker  of  kitchen  jacks;  and,  if  so,  it  is  not  impossible  but 
■tliat  Harrison  might  have  benefited  by  this  contrivance^  before  his 
application  of  it  to  timekeepers. 

The 
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The  alterations  to  which  the  length  of  the  pendulum  i* 
by  the  different  degrees  of  heat  and  cold,  affect  the  going 
clocks  with  that  sort  nf  regulator ;  and  watijhes,  with  a  balance,' 
ore  still  more  iubjccl  to  irregularity  from  thai  source- ;  becauM 
not  only  the  balance  expands  or  conlracts,  according  to  ibv 
rise  or  fall  of  ihc  thermometer,  but  the  regulating  spiii^  itself: 
whilu  it  suffers  similar  changes,  becomes  weaker  or  stronger^ 
so  that,  from  thsse  causes,  a  trmei>icce  roust  go  blower  or  faMer 
in  loo  great  a  proportion  to  be  overlooked  or  neglecteiL' 
Graham*  is  the  first  who  thought  of  applying  two  tnetaJs  cf 
different  enpansibihty,  to  correct  the  errors  proceeding  from  th» 
variation  of  temperature  in  a  pendulum  ;  but  as  he  seemed  M' 
have  had  in  view  to  effect  it  immediately,  withuut  the  aU  w$ 
mechanism,  he  was  obliged  to  fis  on  Steel  and  mercury,  ifaeaf 
being  the  metals  which  offered  to  him  the  greatest  dtSereoM 
of  dilatation  and  contraction.  Harrison,  by  multiplying  lift 
bars,  increased  the  total  length  of  the  two  metaU  acting  OS 
one  another,  without  exceeding  the  limits  of  the  pendulum  ;  sd4 
thereby  produced  a  sufficient  compensation  with  bniu  ind 
steel  in  the  compound,  or  gridiron  pendulum,  which  has  been 
ahnost  universally  adopted  c\er  since.  This  contrivance  conU 
not  be  easily  applied  to  balances;  but  Harrison,  (ulIowingM^ 
the  principle  of  the  different  expansibility  of  metals,  applied  it 
in  a  manner  which  had  nut  been  thought  of  before,  and  mule 
it  act  on  die  spiral  spring;,  in  order  to  produce  the  deiiTedl 
compensation  in  the  regulator.  This  method  is  de»cribM 
as  follows:*  "  The  thermometer  kirb  is  composed  of  t*i 
"  thin  plates  of  brass  and  steel  rivcttcd  together  in  teraiA 
"  places,  which,  by  the  greater  expansion  of  bra&s  than  stof 
"  by  heat,  and  contraction  by  cold,  becomes  convex  on  ihi 
"  brass  side  in  hot  weather,  and  convex  on  the  siee!  side  in 
"  cold  weather ;  whence,  one  end  being  fixed,  tbc  other  aid 
"  obtains  a  mniion  corresjHindln^  with  the  chaagec  of  heat 
"  and  cold,  and  the  two  pins  at  thecnd,  between  which  the 
"  balance  spring  passes,  and  which  it  touches  Bltematcly  ei 
'■  the  spring  bendsand  unbendsilscif,  will  shorten  orlengtliM 
"  tbc  spring,  as  the  change  of  beat  and  cold  would  otberwM 

«  Philosophicnl  Transact  ions,  ITtS. 

•  Principles  of  Mr.  Harrison's  Timttecpcr,  p,  kii.  notes. 
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'*  €«4|uire  to  be  done  by  the  hand  in  the  manner  used  for  regu- 
**  lating  a  common  watch."    ^ 

This  kind  of  compensation  has  been  since  applied  in  other  Objections  to' 
miya;  but  the  metliod,  in  general,  is  liable  to  »ome  material  ^"^Jl^^J^V^" 
Bl]J€Ctiona«  on  account  of  its  altering  the  length  of  the  balance 
Spring,  and  the  difficulty,  peihaps  impossibility,  of  efifecjting  with 
it  mn  accurate  adjustment.     Mr.  Harrison  himself  was  aware  Harrison  pro- 
taf  tkcso  objections,  and  expressed  the  well  known  observation,*  ^^  compeMa- 
iitU  if  ike  pravinon  for  heat  and  cM  cotdd  properly  he  in  iion  in  the  ba- 
ck balaiu:e  iiielf,  -  -  -tke  watch-  -  -  would  then  perform  to  a  few  JS  mK**** 
mniarff  t«i  a  year.     By  the  watch,  Mr.  Harrison  meant  his  own  trivemnymeaa 
tgrn^mk  timekeeper :  and  we  have  now  sufficient  reason  to^  ^        ^ 
taiieve,  that  he  overrated  its  merits,  though  the  construction 
^■d  been  improved  with  the  desired  invention,  upon  which  he 
aet  so  great  a  value ;  but  that  assertion,  which  has  been  repeat- 
ed t  AAd  strengthened  by  men  of  learning  and  good  judges  of 
necfaaaics,  shews,  at  least,  the  importance  of  the  desideratum, 
vhick  seemed  to  be  still  wanting  to  complete  the  perfection  of 
cbronomctry. 

Pierre  le  Roy,  eldest  son  and  successor  to  Julien  le  Roy,  ^^^^]ij[^ 

.    •'    completely  ef- 

tke  companion  and  friend  of  Henry  Sully,  had  the  merit  offeeted  tbifpor- 
accomplishing  that  great  desideratum.  In  the  chronometer,  P^^^**^*^ 
which  was  presented  to  the  king  of  France  the  5th  August 
1766,  and  obtained  the  prize  of  the  Academy  of  Sciences  of 
Paris  the  31st  of  the  same  month,  that  author  executed  a 
compensation  in  the  balance,  which  he  has  fuUy  explained  in 
his  description  of  that  machinc.t  This  compensation  is  com- 
posed (Fig  1,  Pl.VH.)  of  two  thermometers,  ^  K  ^  A  K,  of  mer-  — *y  mercurial 

J        .  .^        -       .  «  1    •     .1       ^  r      thermometCTi 

cury   and   spirits   of  wme,    made    each  in  the    form  of  a  in  f^^  balance 

Daralklogram,  except  in  the  upper  branch,  which  bears  the  o^*  chronome- 
■^  ^  *  '*^  '  ter,  which  ob- 

♦  A  Description  concerning  such  Mechanism  as  will  afford  a  !f*"^^    **^*" 
nice,  or  true  Mensuration  of  time,  &c.    By  James  Harrison,  1775,  of  that  year, 
p.  103. 

t  See  Mr.  Ludlam's  letter  to  Dr.  Maskelync,  in  the  Report  from 
the  committee  to  which  Mr.  Modge's  petition  was  referred,  pp.  96 
and  97. 

t  M^moire  sur  la  meilleure  Mani6re  de  mesurer  le  Temps  en 
Mer,  qui  a  remport^  le  Prix  doable  au  Jugement  de  TAcademic 
Boyale  des  Sdenoes.  Conteoant  la  Description  de  la  Montre  k 
Longitades,  pxesentee  k  sa  Majest6  le  5  Ao^t,  1760.  Par  M.  le 
Roy,  H'orloger  du  Roi.  pp.  41  to  44.  This  Memoir  accompanies 
the  account  of  Casftini's  voyage  in  1768,  published  in  1770. 
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n  little  bcBt  d 


1  coDlaimng  ll 
wards;  ihe  mercury  i*  in  the  luiirr  part,  and  Uie  vertical 
branch  of  the  tuhc,  A  K,  is  oprn  at  the  upper  end,  Tlicte  IWO 
ihermomelers  are  placed  opposite  tirie  anulhcr,  th#  axis  of  tW 
Wanct  being  in  the  lame  plane  with  the  centrical  liiiei  of  the 
lubes  ;  nnd  the  ihermometers  and  balance  nre  solidly  Mtacb«<l 
toother,  and  form  a  well  poised  and  steady  regulator.  At 
tho  loiddlo  U-mpcralure  of  the  almosphcre,  the  (juickaSfo- 
stands  at  K  A  f  K  ;  but,  when  an  increase  of  heal  accun,  As 
alcohol,  by  iu  e.xpaivbn,  ti-rcn  iho  mercury  from  the  exieriac 
branch,  f  K^.t'iKardB  AK,  and  a  |Kirtiort  of  the  maas  of  ite 
regulator  cuntracl&  by  approaching  the  centre.  On  the  ccfr 
trary,  if  the  variation  contjisi)  of  an  additional  degree  otcM, 
the  mercury  moTe!  towards  the  exterior  branch,  and  ibe  wei^ 
towards  ihe  circumference  of  ihe  balance  becumet  grata. 
Thus,  if  the  the rtno meters  arc  well  adjusted,  the  efl«cti  of  ll) 
in  the  balance  wilt  be  contpciia- 
act  uitb  the  same  uniformity  u 
0  such  altcnttions. 
?xei:u[ed  this  metfaoi!  of  cofD}>fa- 
sation  before  he  became  acquainted  with  Harrison'*  cootiv 
b  vance  of  the  compaund  metallic  ibermoineler ;  and  he  Krowi,* 


the  changes  of  teroperatut 
led,  and  the  r>'giilHtor  wi 


P.  io  Roy  invented  o 


his  tiKrmome- 

liical  balance 


•  Mtmoirc  »iir  la  racilleore  Mitiiiere  de  mesurct  Ic  Tmi)M«i 
Mer,  flee.  p.  58  and  S7.— This  being  an  intereitinjt  point,  I  itudl 
subjoin  a  niepal  copj'  of  the  passage  of  P.  Ic  Roj'*  mnooir.ii 
whif^  that  aatiior  slates  his  mutiner  of  making  the  compettM^m 
balance. 

quBiid  j'  ai  cherc1i6  ll  eiunpenser  I'eficct  du  chand  et  it 

froid  pnt  del  lanes  decuirre  el  d'  acjer,  rifees  erMcmble,  comM 
AI.  Harrison,  J'  iii  tcnti;',  non  de  changer  la  longueur  du  ^uia^ 
mais  de  fairs  approcher  ou  eloigner  par  cc  moycn,  du  centre  do 
baluncier,  uae  partie  considerable  de  sa  cirronf^rance.  Pont 
colli,  j' ai  emplo}'^  un  bidnncierf^3)conipnse  dp  deua  demi-ee^ 
cics  {onoii  clincun  d'  unc  lame  dc  cuivre  el  d'  one  d'  acier,  r<inn 
eomme  dnus  le  tliertnometre  dc  iU.  Harrison. 

V  eflect  ripondoit  bmci  a  mes  inreniion*,  ,)'  ai  miiuc  observe  n 
moyeii  de  I'indci  i.ctm'loil  par  dei  semblables  lames //!figJ),ijBt 
par  le  froid  tt  ic  ctiaud,  Io  nioarenieiU  de  ces  lames  snmit  aMtt 
exuL'ieinunl  U  marche  ihi  thcmionwico  ;  il  co  r^nthoit  one  co» 
peijMiiuu  de  la  chalcur  et  du  Ti  uid,  doni  ou  powvtrit  auciMntcr  M 
duDiuu'cr  r  elTect  i  vulomi-,  eii  nieitant  pius  ou  n 
extremitfs  des  ces  deioi-ccrclca,-- 
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thai,   if  ho  had  been  I'l  possession  of  i[  before  he  began  this 
part  nf  his  labours,    be  would  probably  have  made  use  of  ibe 
saine  principle,    but  applying  it  in  a  very  difllrcnt  manner, 
videlicet,  [o  enlsr;;?  by  cold,  and  contract  by  bcal,  the  circum- 
ference of  tlie  biilnncc,  preserving  ihe  spring  untouched.     He 
proceeds  tn  stute  bow  a  balance  may  be  constructed  with  com- 
pound metallic  pieces,  tn  effect  the  eompensittion,  an^l  gives  a 
figure  to  elucidate   his  plan,  of  which    Fig.  S,  PI.  VII.  is  a— but  he  in 
copy;   adding  that,   according  to  this  method,   the  halance{Jj|"p™J'f^-' 
miiy  be  easily  adju>>tcd   by  means  of  small  balU,   or  ueigblS)<aieDtion(ia 
whicli  are  Id  be  attached  to  the  ends  of  ihc  metallic  curves.  The  of'tb,"''™^'. 
curves,   being  made  of  t'^o  [ilates  of  different  metals,  "ith  the  Vi«  arms  or 
one  roust  affected  by  variaiiyns  of  leinjieralure  at  ibe  outside,  J/^^y  Bexura 
it  :s  clear,  that   heat  will  move  ihe    balls  placed  at   the  ex- sutl  are  odinst- 
tremilics  lowHrds  the  centre,   and  that  cold  will  move  tliem  in^e,-^^"    * 
Uic  contrary  direction ;  pioducitig,  by  this  contraction  or  ex- 
pansion, the  same  sort  of  cc)m|>ensalion  a$  thai  of  the  mercu- 
rial Jhcrmometcr  explained   before.      P.  Ic   Roy    did  not  re- He  proved  the 
main  satisfied  with  the  simple  suggestion  of  this  eonlrivanca,^*ri.«iuf 
but  acluiilly  put  it  in  practice;  and  employing  a  register,  such 
as  is  reprcK'nied  in  Fig.  3,  iiscertained  by  cxpcrtmeDl  that  llie 
jiicchaoism  performed  well,  and  currespondod  pretty  exactly 
Willi  the  other  I licrmo meters.     Alter  all  these  invesligntionsi 
he  concludes,  by  gi\ing  the  preference  to  his  own  marcurial 
thermometer,    because  he  thinks  it  more  accurate  and  steady,  InViJuriait 
as  well  as  more  fit  to  secure,  in  all  temperatures,  an  uniformity  P*""'^"'^ 
(jf  weight  to  the  whole  circumference  of  the  regulator,  than  thu 
compound  metallic  balance;    and,  under  those  points  of  com- 
parison, he  may  be  right  in  his  choice  ;   but  certainly  the  last 
ifaermomcter  se^ms  belter  adapted  for  small  and  portable  ma- 
chines, and  has  answered,  during  repeated  trials,  so  well,  that 
vrc  mutt  believe  it  fully  entitled  fo  the  favour  which  it  has 
obtained  in  practice. 

The  compensations  in  the  balance,  ai^lied  at  present  tn  the  Peter  le  Hoyl 
best  chronometers,  are  essentially  the  same  as  that  so  well  ok-  ^^^  „  j,  ^^^ 
plained  and  published  so  lone  aao  ly  P.  le  Rov ;  but,  in   this"«d!   but 
country,  Ihc  invention  has  b«en  generally  ascribed  to  the  h'tOpuyjciyde- 
Mr,  Arnold,  who,  in  17S2,  took  a  patent  for  it;  and  a  degree rlwed  imha 

,,,,  ..,,.,  fiite*flho 

of  merit  has  been  atlnbuted  to  him  on  that  account,  pfopot-p^nchKijfcm- 
tioned  to  the  supposed  difficulty  of  the  desideratum  expressed  ""P""  ■'"'  •'■- 

'  '  demy  111  1761., 

vo2  ^yj^^attilonkui 
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■ed  the         I 
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En|;li*h  patent  by  Mr.  Harrison, 
for  it  iB  1 783.    i^,^„  ^f^^ 


'oulil  be  hard,  indeed,  to  find  ft  uo 

first  author  of  nliicfi  may  be M  ' 
ckarly  ascertainrd,  and  froii)  which  a  Mcotid  iDvenlor,  if 
AmoW  can  be  allowed  as  such,  has  derived  so  raUcb  ciedil. 
Concerning  ibe  We  have  not  yet  taken  any  notice  of  the  improvements  made 
in  the  cMrapcment;  because,  after  bU  the  plans  proposed  foi 
this  most  essential  part  of  chronometers,  ilic  principle  of  what 
is  called  the  detached  escapcmcnl,  is  the  only  one  now  nsed ; 
and,  being  established  upon  lung  experience,  seems  to  ment 
the  preference  given  to  it  over  all  the  constructions  propoKrf 
till  now.  Vk'e  shall  content  ourselves  with  stating  in  a  general 
manner  the  beginning  and  piogress  of  that  -jscapcment. 

In  all  the  escapements  known  till  the  middle  of  the  bst 
'>'i\'l-.,Mi^"  century,  the  escape  wheel  was  in  continual  cnnian  with  the 
iflii,N];i>-i«^r  pallets  belonging  to  the  axis  of  the  balance  wheel;  ftnd  die 
eil  ronstaiitiv  Miction,  proceeding  from  this  circumsliince,  may  be  considered 
uith  tiie  Kgu-  as  a  princi|ia1  source  of  irregularity  in  the  going  of  the  walchci. 
Suppose,  tliat  a  regulator  should  be  made  so  perfect  as  to  be 
A  bnUniT,  iho'pxactly  isorhronal,  while  vibratinc  in  afire  situation:  that 

illrtf  lii.tbi-I  ■'  ......      1        ■  .         , 

advantage  wouul  be  diminished  or  lost  as  soon  as  it  was  placed 
in  connection  with  a  train  of  wheels  i  and  the  errors  would  be 
tuore  or  less,  according  to  the  nature  and  ijuantity  of  friction 
in  the  escapement.  It  would  be,  tlierefore,  extremely  uwful 
to  secure  to  the  regulator  a  perfect  liberty  of  vibration,  cxCrpI 
during  the  short  intervals  of  time  which  may  be  ncceswy  fur 
the  action  of  the  escape  wheel,  to  give  it  a  new  impulse,  'fhis 
ingenious  idea  was  also  started  by  P.  le  Roy,  and  carried  into 
e<(rcutii>n  by  the  same  artist,   in  a  model  which  he  pmentrd 

=■  in  1748  to  the  Academy  of  Sciences  of  Paria,  and  is  described 
in  the  collection  of  machines  approved  by  thai  aockiy  fbi 
the  same  year.* 

)f      That  escapement  is  represented  in  Fig.  4,  Pl.MI. ;  G  H  is  ti>e 
escape  wheal,  tlie  profile  of  which  ii  shewn  at  gi,  and  TV  tht     I 
balance.     Tlie  curved  pallet,  AE,  is  affixed  to  the  iticis  under     i 
tlie  balat)ce ;  and  on  the  same   axis,  but  above  the  balaoce. 
and  under  the  spiral  spring,  is  attached  the  half-cyTinder,  C  I,     i 
thccnd,  C,  ofwhichis  round,  and  placed  in  such  a  manner,  that     { 

*Vol.  *ii.  No.  431,  p.  385,  intituled,  Ediappcment  1  dtleni*, 
.   jnrentc  p«r  M.  le  Roy,  Fili  ainr,  Hurlngcr.  I 
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■;  tine  drawn  from  thai  poinl  lo  the  centre  of  tlie  Ijalance  would 

ivilh  lUe  curvi',  A  E,  a  mixed  angle  of  dhout  80".  QPG  is 

a  angular  lever,  turning  on  pivots  at  P,  the  bianch  of  wliich, 

,  when   in  contact  whit   one  of  ibe  iceih  of  the  escape 

mkcel,  stops  its  motion  ;  and  tlio  spring,  R  M,  tends  to  keep  it 

K^iacngaged  against  iho  pin  K.     The  effect  of  this  construciioa 

'  it  as  follows  : 

Suppose  the  action  of  the  tooth,  D,  of  the  escape  wlieel  lo 
give  tension  to  the  spiral  spring,  and  make  the  lialaiice  move 
round  an  arc  more  or  less  extensive  ;  the  end,  C,  of  the  half- 
cylinder  or  roller,  at  the  same  time,  pushes  the  Hiigulnr  lever, 
QP  X,  by  its  end,  Q,  making  the  end  of  the  branch,  fQ,  rest 
upon  the  circim<  fere  nee  of  IC  ;  and  when  the  tooth,  D,  tjuili 
the  pallet,  A  E,  the  tooth,  G,  comes  in  contact  with  the  end,  X, 
which  then  continnes  the  moiion  of  ibc  angular  piece,  Q  M  X, 
till  the  tooth  and  iJic  end,  X,  are  completely  engaged  and  re- 
main at  rest.  In  this  situation,  no  part  of  the  branch,  P  Q, 
touches  the  round  part,  C  1 ;  and  the  balance  pmccods  in  itti 
vibrationasif  it  were  insulated.  Its  velocity  being  soon  destroy- 
cd,  by  giving  tension  to  the  spiral  spring,  the  reaction  of  this 
spring  brings  il  back  with  an  accelerated  motion,  and  at  tiic 
second  vibration  the  pallet,  A.E,  comes  into  contact  with  the 
escape  wheel,  and  by  its  action  on  the  tooth  nest  following  D, 
causes  the  wheel  to  recoil,  by  a  spice,  which  may  be  equal  lo 
half  the  distance  between  two  teeth.  The  branch,  X,  of  the 
lever,  in  consequence  of  that  motion,  becomes  disengaged  out  of 
the  teeth  of  the  wheel,  and,  by  the  action  of  the  spring,  R  M, 
falls  against  the  pin,  K ;  after  which,  the  escape  wheel  gives  a 
ntw  impulse  to  the  balance,  pushing  the  pallet,  U  E,  in  the  con- 
trary  direction;  and  the  vibrations  proceed  alternately,  in  the 
mtinncT  explained  before. 

While  we  give  this  escapement  as  the  Rrst  of  that  kind  ever 
ited,  it  b  proper  to  remark,  that  according  to  report,* 
I  Baptiste  Dutertre,  the  elder,  a  very  skilliil  watchmaker 
F  tt  Paris,  in  the  beginning  of  the  last  century,  had  thought  of, 
',  fit  actually  contrived,  a  detached  Lscapcraent ;  but  as  his  invcn- 
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n  heel  i«  befit 
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•  Trait£  de»  Horlogea  Marines,  par  F.  Benliond,  1773,  p.  97. 
i  Cbronom£lrique»  poiir  I'aanee,  I7j3,  par   P.  le  Buy.  p. 
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tion,  iFtnie,  was  never  published,  nor  even  mrntiooed.till 
other  pcrfoiis  hod  produced  their  labours  on  llie  subject,  we 
inust  asciibc  lo  P.  le  Hoy  theori^Dal  ideu,  as  wdII  as  ihc  fint 
execution,  of  that  ingenious  construction  ;  and  in  this  <>pinioa 
v'c  are  strengthened,  by  obtrrving  that  the  model  ol  174^  "as 
received  by  the  Academy  of  Sciences,  both  as  new  and  ad*an> 
tageous ;  and  iliat  sou:Le  years  after,  tvben  a  new  tielent  eM;iij>e- 
meni,  by  M.  Platier,  was  submitted  to  the  some  soriety,  the 
cominissarict,  M.  Montigni,  and  KI.  Vaucanien,  who  examia- 
ed  it,  and  were  certainly  the  luoel  competent  j'ldgcs  in  such  a 
matti-r,  expressly  declare  in  their  report  tliat  SI.  le  Rojwai 
the  first  who  CTcr  thought  of  this  sort  of  escapement.* 
Devription  of  P.  le  Roy  contrived  also  another  detached  etcapemeni,  nhicK 
"""^rt'  '"'"  "  *"  impfovement  upon  the  former,  but  according  to  ihc  same 
XBiit  by  Peter  principle  ;  and  he  applied  it  to  the  timekeeper  which  was  pn- 
toRvr.  scnlcd  to  the  Academy  of  Sciences  in  1/66,  and  afierwarfistri«l 

(at  sea  by  order  of  the  French  government.  In  that  constrac^ 
tion,  [hi;  escape  wheel  (Fig.  3,  6,  and  7,  Pl.\'Ul.)  is  made  wild 
teeth  whicK  arc  very  light  and  at  a  considerable  diitance  from 
one  another,  it  being  meant  that  their  power  should  prucc«d 
from  the  length  of  the  l?ver  ;  and  ihey  Hct  on  tbc  balance  by 
means  of  a  pallet,  p,  adapted  to  the  circumference  of  ihc  latter. 
The  action  of  the  escape  wheel,  e^cep^  the  time  which  is  reqtii- 
lilc  to  restore  lo  ihe  balance  the  power  lost,  once  in  every  twa 
vibrations,  is  suspended  by  a  ciim|iound  detent,  D  c  II  e  F, 
(Fig.  6,  7i  Bt>d  9),  very  ditfercnl  from  the  mechanism  emplo)-ed 
in  the  former  escapement, 
liseffett  or»c-  Tbc  escajte  wheel  being  stopped  by  tlie  detent  at  I>  (Tig.  6), 
tioD  ri  td.  jj^^  balance  vibrates  first  from  A  loi,  and  afterwards  from  i  to 
A>  On  this  return,  the  balance,  by  means  of  a  pin,  placed  on 
iU  up])er  face  at  f,  pushes  the  arm  or  lever,  F  II ;  and  then  the 

Larm,  D  H,  gets  out  of  the  circumference  of  the  wheel,  and  the 
arm,  e  H,  coming  into  action,  slopb  the  following  radius,  K  r,  of 
the  wheel  which  falls  upon  it.  Tliis  disposition  of  the  reac- 
tive piccei,  which  LcRoy  calls  ihvpreparalioiith  represented  in 
Fig.  7-  In  the  following  vibration,  the  eKape  wheel  restores  to 
the  balance  its  lost  power,  by  means  of  the  pallet,}!,  in  tliis  man* 


*  Observations  sur  la  Pb^siquF,  par    M.  I'Abb^  Rotier,  t, 
part.  i.  Juio,  1T74. 
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&er :  A  pin,  which  U  placed  eis  llic  preceding  oik,  but  in  the 
under  face  or  plane  of  the  balance,  pushing  ibc  arm  C  II,  gets 
ihe  arra,eH,out  of  (he  circomrerence  of  ihe  whee),  and  intro- 
duces D  H  ;  so  that  when  the  pallet,  p,  anives  at  P,  the  wheel 
being  free,  th*  mdius,  F  r,  gives  a  neir  impulse  to  the  balance, 
«nd  impeU  the  pallet,  p,  till  it  is  stopped  by  the  arm,  D,  of  the 
detent,  as  in  Fig.  G. 

To  prevent  the  detent  from  being  displaced  by  the  effect  of 
exlffmal  motion,  a  circular  cuib,  i  A,  i  A  (Fig,  5,  6,  and  f), 
b 01  been  adapted  to  the  circumference  of  the  balance,  neaC 
each  pin,  which  disengages  ihe  detent :  but,  the  arms  of  the  de- 
tent ran  only  touch  the  corresponding  curbs,  in  consequence  of 
the  most  viuleiit  Ehnkes. 
-  The  construction  of  this  escapement  principally  differs  from  The  impi 
that  of  1748  in  these  three  [wints :  lit. — Intliclast  e^cupc- i^r^v^' 
ment,  the  second  iibraiion,  or  return,  is  permitted  to  be  com-  '''""  h" 
plctcil,  and  it  is  not  tdl  the  balance  c< 
first  direction  that  a  new  impulse  is  ^i 
the  whole  arc  of  vibration  ;  while,  ir 
tum  of  ihc  bolaitce  proceeds  no  farthi 
received  the  firyl  impulse,  where 


rcuiufereuce. 


les  again  to  move  in  the  roimpi^tion  aai 
n  to  it,  in  the  middle  of  "o  '^■«''' '»  »*■ 
,      ,  ,      ,  locking  the 

the  former,  the  free  re-  deteiit. 
than  the  place  (vherc  it 
action  is  opposed  to  it,  9il — The  ae- 
— In  the  second  eicapeinent,  the  pallet  is  situated  near  the  baj^c^pWou 
outer  circumference  of  Ihe  balance,  wiih  n  view  to  render  the  leas,  becauae  it 
impulse  upnn  it  mote  favourable  to  circular  motion,  without  a 
ronscquent  action  on  the  pivots ;  nhile    in  Ihe  former   e^ape- 
tnent  the  pallet  or  edge  of  the  half-cylinder  is   near    the  cen- 
tre.     3d. — The  mechanism  of  the  detent  in  the  new  escape- 3d.— The  ^t 
ment,  having  nospiings,  is  also  different  from  that  of  the  other,  J*" 
which  depended    upon  that  description  of  power.     P.  Ic  Roy 
e  the  new  detent,  because  lie  wished  to  avoid 
ising  Irom  the  use  of  Ihe  springs  for  that 
purpose,  inconveniences  which  are  considerable  in  bis  opinion, 
on  account  of  the  loss  of  power  which  takes  place  if  the  springi 
are  sirom;,  and  of  the  uncertainty  of  their  performance  if  they 
are  weali. 

From  the  tuo  preceding  eiicapemcnts  of  P.  le  Roy,  arc  de-  All  the  modern 
rived,  without  material  improvements,  (unless  the  spring  de-  ^',^'?'""'' 
lent  or  loclting  upring  should  be  esteeraed  one),  all  the  detached  luen  much 
eiCBwments  which   have   been  executed,  to  any  considerable  "."r^'f"^*^"' 
Dumber,  from  that  to  the  present  time.  an  iIjuk  of  Le 
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Mtniinnortho      Ahcrtit  llie  jciir  1~55,  ncconlinj  Ic  Count  dc  Bruhl,  Uie  Itile 

iletx-heJ  F>-      Ulr,  TiioinM  Muilgo  iiirciileii  n  di-tiicbcJ   nraiK^tncnt,   mnl 

ftiudgu;  eon-  Qpplicii  ii  lo  ft  waicb  wliich  hc  ijiRilc  for  iho  king  uf  Bpain, 

'"d'1  IT  '"^'''  ^'•'"''"""'^  ^''-     Tli's  i^  '''^  ■"'"■'  wcapement  ihal  was  used  by 

fromthatuf     Uie  lalc  JohbIi  Empry.in   his  chronometers,    some  of  whtcfi 

•^^y-  have  gone  very  wclh     It  difftrj  from  ihc  constructions  which 

wc  have  alrciiily  explained,  both   in  tlic  detent   antl  in   tha 

communicaUon  of  the  im[iu]M:,'  which  in  this  mechanbm  take* 

pt^e  3l    every  vibration ;  but  the  dale  will   riot  stiller  oi  to 

coHMiier  it  as  the  first  inrentioii  of  the  dclnchcd  esca|)eraenti 

iTie  latter  w-        Our  (lesijfn  «iU  not  lead  us  to  be  more  particular  rcspeclii^ 

ljlld™'"'!!t     tlie  invention  of  another  escapement  a()plied  by  Mr.  Jhlndge  U 

property  the  chronometers,  for  which  hc  was  rewarded   by  parlitunetiti 

Sphtd'bia  it    ^^'^  *''*"  "^'^'^b  observe,  that  the  principle  of  that  escapement 

niniliiip  i%  not  free,  and  it  could  only  be  ranked  among  the  dclaehed 

tiecIed'wK'l"th«  •'scap^'nents,  in  consctiucnce  of  giving  to  that  appellation  a  ilif- 

balaure,  every  ferent  sense  from  the  u5iial  meaning  attached  lo  the  term.     TW 

»  ration.  ppculiar  mechwiism  of  that  machine  consists  in  a  kitid  of  doiK 

bio  remoQloir,  wliich  is  placed  within  theescapement,  orbqnBd 

the  whole  of  tlie  train,  and  not  antecedent  to  the  escape  wbwlt 

as  in  the   rumoniuirs  of  Huygeits  ondLeibnitxi  conaefjucnHjr 

the  Maintaining  power  of  the  timekeeper,  through  ihe  train  of 

wheels,  acts  only  durittg  a  nLort  portion  of  the  vibration  ;  bvt 

then  the  remontuir,  or  st'cmdHrj*  power,  which  is  composed  of 

tuo  springs,  by  meam  of  their  alternate  winding  and  unlocking, 

is  almoEl  in  constant  action  upon  the  balance.     The  author 

himself  declared,'  that  this  escapement  could  not,  wiUi  propri- 

ely,  be  called  detached;  and  it  is  rather  surpriung,  that  I'.  Ber> 

Ihoud  should.t  notwithstanding,  have  placed  it  in  that  class,  la 

the  account  he  has  given  of  it.     His  opinion  of  this  comtruC' 

tion  seems,  however,  wcllr  founded  ;   and  we  agree  with  hiai  in 

thinking,  thai  it  is  too  complex,  and  rctjuires  too  nice  an  execu* 

tion,  ever  to  become  generally  usetul. 

'  t.etteri   of  Mr.  Muilge,  attached  to   the  Description  of  hi* 

Tuneliceper,  179(1,  p.  15^,  This  escapement  is  also  described  in  our 
Journal,  qunrtu  scrio,  vol.  ii. ;  and  in  the  FhiL  Trans,  for  17M> 


t  Histoire  dc  1h  Mcsuic  du  Temps,  vol  ii.  p.  14 
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In  the  Uistoire  rft  la  Mfsure  du  Ttmps,*  tlie  invenlian  of  Berthwid  ai- 
(he  detached  escaprment  is  ascribed  to  tljrec  different  jwrwiu,  ^ntion  of'tha 
who  uccoinplikhed  it  separately,  and  upon  distinct  principles, tlet'chedw- 

T.   Mudgc,  nnd  ihe  author,   F.   BcrthouJ,  himself.      We  havu  ai 
already  noticed  llie  labours  of  the  two  former,  and  it  remains 
iijr  lis  to  stale  what  right  the  last  may  appear  to  have  to  tlie 
honour  he  claims.     The  lillcof  P.le  Hoy  to  priority  cannot  be 
iiivalidnted,  and  what  F.  Berthoud  has  written  upon  the  sulijcct 
is  of  so  much  later  dale,  and  his  ideas  seem  so  closely  derived 
from  those  of  the  preceding  author,    that  it  would  not  be  fair 
to  grant  him  the  share  he  assumes  in  point  df  originality  on 
this  occasion.     Berthoud  published  his  Esiai  sur  t'Horlogeric  R«><oni,ii 
in  17C3:    but  not  one  word  is  to  be  found  in  it,  respecting  the  [h^d'bi 
principle  of  the  delaclied  escapement,    though  P.  Ic  Roy  had  fl 
made  it  publicly  known  fifteen  years  before.     This    silence'" 
or  omission  in  u  treatise  of  two  volumes   iu  (]uarto,  respecting 
a  constriiclion  so  remarkable,  appears  to  be  inconsistent  with 
thesubsequent  pretensions  of  the  author;  and  ibis  circumstance, 
Bt  least,  must  prevent  our  supposing  that  he  had  applied  with 
much  attention  to  the  subject,      It  was  not  till  1773  that  Der-  He  look  im 
Ihoud  took  notice  of  the  detached  escapement,  in  his  Traill  da  "\^y^<t,^^  "r 
JJorloget  Marines,  where  he  describes  several  constructions  of  capemeol^lfl^ 
that  kind,  giving  them  as  Ibc  result  of  Ids  own  Inquiries,  upon        '      ^H 
nhich  he  says  he  had  been  engaged,  ever  since  the  beginning  of  ^H 

his  labours  upon  timekeepers  for  sea.     In  that  work,  Berthoud  J^M 

itlso  states,!  that  iu  17^4  he  made  a  model  of  a  detached  es-  ^H 

capement,  which  hc&hewcd  to  M.Camus,  to  beprescntcd  totho  ^M 

Academy  of  Sciences,  when  that  learned  gentleman  told  himj  ^H 

that  M.  Dulcrtre,  the  father,  had  had  the  same  idea  before.  ^M 

It  might  have  been  of  service  to  him,  to  have  been  at  the  BetthooA^H 
tame  time  rerninded  of  what  P.  le  Roy  had  done  in  the  same  tianinc  ^^| 
~  nay  ;  for  the  name  of  that  artist  h,  in  the  whole,  so  studiously  '"  ^"7-    ^H 
avoided,  he  to  raise  a  suspicion  of  want  of  candour  in  the  wri-  ^M 

ter,   who,  on  several  occasion!,  was  the  declared  rival  of  that  ^| 

great  mechanic.     It  may  also  be  remarked,  that  F,  Berlhoud  -^f 

was,  even  at  ihat  lime,  so  far  from  judging  properly  of  the  de-  ^H 

tacbed  escapement,  ihat  he  concludes  his  book  on  marine  time-  ^H 

*  pp.  34  aad  95.  f  C'  ^^>  ""^^  '''  ^H 

Vol.  XIV. — ^AvoDST,  ISOG.  ?  p  kupers,  ^H 
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—anil  etfn        ki-cpers  •  with  an  article  entitlrd,  De  fa  pr(f?rrtice  que  foil  tuH   I 
the'dcad-bna    ^'""'"'  '^  f'f^ippernenl  d  repos   a  palettn  de  nibit,  tur   cetui  i 
with  rijby  pal-  vibration*  libra ;  cotist<iiic  par  dn  ixprrieitces  dSciaret ;  while 
^Mrac'nf!"  '-"  '*">"'  ^'■"'"  ^^'  coin  iction  of  the  accuracy  »i  his  construc- 
tion, ventured  lo  a^wrl  (in  his  Precit  deidtfernttei  Rechereiet, 
&c.  p,  37),lh8lchronomclers«'ould,in  future,  be  ra ado,  accord- 
ing to  those  principles,  without  material  variations,  l^ng  cxpe- 
'•'*•'' '*^r     riencp  has  already  justified  M.  Lc  Roy's  ideas,  and  established, 
niiiMority of    t'cyon't   "loubt,    the  great  advantages  of    the  detached  cscape- 
thclBtur;  »nii  ment;  and  F.  Berthoud,  in  his  history,  published  in  1802,  has, 
1802,  ojiDJtj     at  last,  done  something  like  justice  to  that  great   watchmaker, 
hisi^laim,  hut    and  his  cons  (ruction  ;    but.  at   the  same  time,  lias  associated 
•hu«  It.  himself  to  the  honour  of  thn  iiu'enlion  of  the  detached  escape- 

raent,  in  terms,  which,  so  far  from  appearing  well  established, 
are  ralher  in  contradiction  to  tlie  evidence  afforded  by  an 
attentive  comparison  of  his  preceding  works. 

Of  the  ditfercnt  constructions  of  the  detached  escapement 

The  cons! nir-    publiihed  bv  F.   Berthoud,  which  indeed   dilTer  from  one  ano- 
lion  of  the  de-  "^  •' 

lachwJ  fscape-  iher  merely  in  the  contrivance  of  the  detent,  and  are  all  made 

jnentofBer-     toactwith  Springs,  wc  shall  only  notice  the  tind  which  has  been 

Ihwid,  which  I-      &  •  J 

.hubMnmosc  (he  most  generally  used  both  in  Great  Britain  aitd  France. 

fr^ucniiy        pjg  jQ^  Plate  IX.  represents  this  escapement,  as  copied  from  the 

D«c'ript[on       TrattS  det  Horloges  Marinei.,  1773,  Fig.  5,  Plate  XIX.    The 

Tli1r'teni"hii.  **'^"P^  *""*''  ^'  'sslopped  by  Uie  arm,  B  d,  of  the  dctenl,/B  d, 

aiacksprinit,   while  the  balance  vibrates  in  iwo  directions:  the  detent  movo 

rMoil^"*""  onpivots,  and  is  pressed  by  the  spring,  u.  Cisa  circle,  or  wheel, 

attached  to  the  axis  of  the  balance,  but  of  smaller  dimensions 

and  has  a  pallet,  c;  which,  when  it  turns  from  c  towards  c,  act) 

on  the  arm,  /,  and  disengages  the  escape  wheel.     At  the  sane 

inoment  the  pallet,  g,  which  is  placed  within  the  thicknea  of 

the  circle,C,  and  stands  as  high  as  the  escape  wheel,  reccivm  an 

impulse  from  the  tooth,  i.  During  this  action,  the  pallet,  c,  quics 

the  arm,y;  and  the  detent,  pressed  by  its  spring,  drops  into  the 

eKapc  wheel,  lo  meet  the  succeeding  tooth,  and  keeps  it  at  ml, 

aSter  the  communication  of  power  is  completed.     The  tooth,  i, 

is,  at  this  time  of  stopping,  disengaged  out  of  the  pallet ;  and  tho 

balance,  being  free,  finishes  its  vibration.     When  the  balance 

returns  in  the  direction  from  e  to  C,  the  pallet,  c,  acts  on  the 

back  of  the  arm,  /;    but  this  part  is  flexible,  and  forms  m 

*  Traits  del  Uorloges  Marines,  p,  i76. 


d  plane,  ovpr  which  llic  pin  slitles  with  little  resistance,  and 
without  disturbing  ihc  dcrcnt.  At  the  next  vibration,  the  detent 
it  disengaged,  a  new  inipiilse  is  communicated  as  before  ;  nnd 
the  actions,  already  explained,  continue   to  be  pcrlurtuud    in 

V'  F.  Betlhoud  thinks  that  construclion  the  simplest  anil  safest  ThP  sun 
Hi  practice,  and  gives  it  again  as  such  in  his  later  works,*  with  rji!*™"'-'^|, 
a  little  alteration  In  ihc  avrHngemciitoftlie  pieces,  as  represent-  Jtcriioud.    it 
cd  in    Fie.  1 1,  which  is  copied  from  Vie.  9,  Plate  XIIT.  of  the  ■"*."'«  I*"."* 
Uisloire  de  la  Meavre  duTciiips.-f  In  this  construction,  Berthoud  an  udUi 
attacked   a  very  delicate  spring  to  iht  outside  of   the  arm,  n;  'P^^Sr 
which,  projecting  a  little  beyond  the  extremity,  serves  for  the 
puqyise  of  yielding  in  one  vibration,  and  unlocking  Uie  detent 
in  the  next,  instead  of  rcudeiiog  the  arm  itsolf  fle.\iblc.     The 
atldilional  arm,  /i,  is  only  intended  to  stop  the  wheel,  when  the 
balance  is  taken  out  ;   and  the  other  parts  of  ihv  figure,  after 
what  hai  been  said  in  the  preceding  paragraph,  need  no  farther 

f  explanation. 
.-  In  the  construction  of  the  detached  escapement  adopted  by  Obsemtion 
Berihoud,  the  impalse  of  the  escape  wheel  is  communicated  to  '  B"^)'""* 
{he  balacuu.-,  not  on  the  circurafea-nceof  the  balance,  as  in  ha  hii  ibiihiIm  to 
Itoy'a  second  escapement,  hut  on  a  circle,  or  pallet,  situated  '^'^  bnlance 
considerably  nearer  the  axis,  as  in  the  former  esca]ienient,jected  iprinpi. 
The  detent  also  acts  by  means  of  springs,  as  in  Lc  Roy's  first*"  ^*  ^"i'^'''- 
plan,  and  not  by  the  sort  of  mechanism  which  that  author 
ihought  preferable.  On  thcM:  two  points,  the  practice  of  suc> 
ceeding  watchmakei-s  has  continued  in  conformity  with  those 
liro  rctri^rade  steps  ;  but,  whether  on  account  of  real  auvan- 
lages,  or  merely  from  the  greater  facility  of  execution,  need 
not,  OD  the  present  occasion,  he  discussed. 

Wc  come  now  to  the  constructions  used  at  present,  by  the  English 
English  watchmakers  j  and  shall  begin  with  that  of  ihe  late  "^"^.51 
Mr.  Arnold,  as  describ<^cl  in  his  statement,  presented  by  his  son  luvuu. 
to  the  Board  of  Longitude. 

*  De  la  Mesure  du  Temps,  ou  Supplement  bd  Traiit  de  Uorloges 
Marines,  Sec.  1787,  chap.  iv. — lliituire  de  la  Mesure  du  Temps, 
i802,  vol.  ii,  pp.  32  and  33. 

t  See  also  Fig.  8,  Plate  IV.  of  the  SuppUment  au  Ttailt  des 
Iloiloges  Marines. 
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«g2  IXVEKTlftM    OF    C i! It OWOM STIES,   && 

He^viplion  of      The  leetli  of  the  escape  wheel  (Fig.  12,  Plalc  IX.)  are  6 
Arnuld'i  n-      cvcloidal  shape,*  in  the  face  purt  wliich  is  intended  for  action, 
ciDFinent.   He   ■'  ,    ,  .  ,        •  ,     .  r  ,  <         ■ .         r 

(■k«il>e wheel,  the  section  of  which,  with  those  of  the  two  other  sides,  form  a     i 

dtleni,  and        ^gyi  Qf  miKed  triangle.      B  B  rf  represents  the  detent,   which  a 
Koy'i  Urn  ts-    formed  of  a  flexible  piece  or  spring,  bending  betueen  C  and  N  ; 
rBprmcni,  and  j„j  j„  ,1,^  p^j^  N  D  d,   which  is  Btroneer  than  the  other,  i»    I 
tinlocta,  hy  a  '  . 

pallet,  without  tixcd  the  locking  pallet,  a,  uppoMte  an  adjusting  serew  F.  The 
recoil,  o!  in  Le  paUg,^  projecting  below  the  spring  detent,  locks  upon  the  inte- 
«oaj)eBi<:iii  i  rlor  angle  of  the  tooth  ;  suspending  lite  motion  of  the  escape 
*'"d!r'  '""^  >  ^^^'^^'  ^"^  leaving  the  balance  to  vihrale  free,  as  pointed  out 
«r  the  parti  are  ill  the  preceding  escapements.  The  actiun  uf  the  spring  detent 
Tery  iJilTei-Miti  ^j-^j.  the  joint  of  the  detent  is  itself  a  sprii^)  presses  the  locking  i 
Aftbewhcrl  pallet  agaiii&t  the  screw,  V,  except  at  the  time  of  unlocking  the 
fcnn'ih^df-'*'"^'-  ■*  very  delicate  spring,  N  e,  called  the  discharging,  or 
tent  movcii  i.y  unlocking  spring  (and  also  the  lender  spring),  is  atlachcd  bj- 
jniirnifof  pi'-  ""*  '^'"''  ^'  '"  ^''^  *P""S  detent,  CBNB  a  ;  and,  passing  under 
»9U,  ami  it  has  the  adjusting  screw,  F.estends  a  little  beyond  the  extremity,  rf, 
wring.'^'""'     "f  "'^  detent  ilidf.     Hllll  is  n  circular  piece  attached  t«  the 

axis  of  Ihe  balance  and,  o,  the  dischar^iig  pallet.    This  pallet,    ■ 
when  the  balance  is  in  motion  from  e  to  i',  prcascs  against  the    < 
end  of  ihc  diiicharpjng  spring,  iic;  atid,  carrying  it  tc^tbei' 
wiih  the  locking  spring,  B  lifi,   disengages  the  locking  piece. 
o,  out  of  the  internal  angle  of  the   tooth,  with  which   it  was    , 
in  contact ;   and  the  escape  wheel  then  communicates  a  new    , 
pawer  to  the  balance,  by  its  impulse  on  a  pallet,  m,  which  it 
£xed,  or  set,  in  the  aperture  of  the  circular  piece.     As  soon  u 
this  is  done,  the  spring  detent,  or  locking  spring,  falls  back  to 
its  position  against  the  adjusting  screw,  F  ;  and  the  pallet,  bj 
receiving  or  intercepting  the  next  toolh,  stops  t}ie  motion  of  the    | 
escape  wheel.     When  the  balance  returns  from  d  (o  e,  the  un-    ' 
locking  pallet  acts  again  on  the  extremity  of  the  discbai^i^    , 
spring,  but,  this  being  very  delicate,  pves  way  without  disturb-    ^ 
ing  the  detent  or  locking  spring  ;  and  the  balance,  aticr  suffer- 
ing a  trifling  degree  of  resistance  by  that  contact,  rontiniKs  lis 
free  vibrations.     At  the  next  vibration,  (be  unlocking  takei 

♦  As  ihe  dEscriptions  of  llic  escapements  for  which  Arnold  md     , 
Earnshaw  have  been  rewarded,  are  noi  of  considerable  length  io 
the  preient  iiiteresting  connnunication,   1  have  re-«ngraved  th* 
sketches,  instead  of  referrina  'o  Plates  IS,  vol.  liii,  Ktid  e,  S,  rat,    ' 
»tv.  of  our  Journal,  where  the  full  dcscripuons  are  given.— W,  N. 


place;  and  the 

as  cxpliuncd  bi'fon.'. 

Tbc  dclached  osrapemcnt  used  by  Mr.  Earnshiiw  is  reprc-  Earnsiia«^. 
senttid  in  Fig.  13,  \-Uidi  is  lakcn  from  his  slntemonl,  presented  '^^'P* 
to  llie  Board  of  Longitude.  'This  escapement  is  similar  to  that— i*  '"  effi»* 
oTAmotd'a,  already  described,  except  in  small  variations,  which  i„  form  jicMrtr 
will  be  cauly  perceived,  »n  a  comparison  of  the  two  figures.  It  H"'  »»™e  ■■ 
is  besides  asserted,  and  il  appears  probable  from  ever)' 
stance  relative  to  ih esc  constructions,   tliat  tlie  lalo  Mr.  Ar- — r'"'"*^'* 
iiold  had  made  use  of  tliis  furm   of  escapement  long  before 
Mr.  Carusbaw,  but  lliat  he  laid  it  aside,  in  order  to  adopt  the 
escapement  with  cycloidal  teeth,  whicii  he  esteemed  far  prefer- 
able.    In  the  escapement  we  are  now  considering,  the  eK^>e 
wheel  is  sliaped  us  appears  in  the  figure ;  audi  ci'  'he  ins|)cction 
of  this  representatiun,  it  will  be  easily  observed,  that  the  teeth 
presenting  a  right  line,  and  escaping  by  a  shar|i  punt,  their  ac- 
tion cannot  be  so  smooth,  and  the  wear  of  the  whole  must  be  -~'' 
greater,  than  in  the  construction  with  protuberant  cycloidal  *" 
teeth.     1'hc  detent  is  of  the  same  kind  as  the  other,   and  only 
diSers  from  it,  in  being  stopped  by  the  inside  of  the  liead  of  the 
adjusting  screw,  instead  of  the  extremity  of  the  screw  itself, 
and  unlocking  oulWHrds,  and  not  towards  the  centre. 

The  two  const  ructions,  which  may  be  considered  as  thcTheewnpe- 
fianic,  differ  from  the  French  detached  cseapemcnls,  such  as  b" 'Arnold  and 
those  of  F.  Bcrthoud,  which  we  have  already  explained,  in  the  E^ira'ban'  are 
(Iclcnt.  In  the  new  detent,  the  pivots  arc  abolished,  and  ihe  fr",^',,,"™"^^ 
centre  of  motion  is  established  In  the  locking  piece  itself;  th"  f'ftnch, 
which,  for  that  purpose,  is  made  flexible  near  the  extreraily  jp^^^l"',!,^!- 
by  which  it  is  fixed.  The  elasticity  of  the  detent,  or  locking  the  <k>ent  io- 
piece,  supplies  also  the  oSice  of  the  auxiliary  spring  placed  at 
d  or  u  (Fig.  9  ^"d  10),  or  the  spiral  spring,  which  has  been 
sometimes  applied  to  the  axis  of  the  pvots,  to  keep  the  detent 
in  the  proper  situation. 

The  pivots  of  the  old  detent  are  so  slender,  that  its  perform-  PratnbiUtr" 
ance   cannot  be  supposed   subject  to   any  considerable  dt^reeV'"' '/"*'"'  - 
of  friction  ;    and  watches,  with  that  kind  of  detent,  have  been  ii^erioi 
known  to  go  very  well.     Some  able  artists,  upon  thai  account,  "j"^?"' 
lliink,  that    the   new  detent  is  only  preferable  to  the  oilier,  o»iy ; 
because  it  saves  work,    and  is  less  expensive ;    but  while   the 

>  detent  ii  tUowed  to  perfonn  as  well,  if  not  better,  than— but  it 
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of  the  voyage  to  Jamaica,  aJded  for  the  same  pHrpoic  tb*  «f* 
cloidal  pin,  to  rcgiilale  the  balance  spring;  but  this  methiMl 
of  adjustment  never  apponred  sati^ factory  or  certain.  1*.  le 
Roy,  in  liis  Mcmoire  svr  la  meUlevrc  Maniire  ile  mraurtr  U 
Tnnpt  tn  Mer,  rewanlcU  in  17(»6i  fir"  announccti  ilistincfly  the 
discovery  of  a  general  princi|ile,  proper  to  produce  the  no- 
clironiatn,  hy  means  uf  the  balance  spring,  which  is  expressed  as 
followa :  That  in  every  spring  siifficientli/  long,  a  certain  portion 

,  of  It  mil  be  iioehronal,  'whetier  long  or  short ;  that  the  lengtk 

'oftiu  portion   being  founit,  if  it  he  Uisened,   llif  long  tiita- 

g  iions  leill  be  ijuicker  than  the  short  onei;  and  that  on  the  co«- 
trari/.  if  the  length  bcincrcoscd,  the  tntall  arcs  uill  be  perforatd 
in  less  time  than  the  great  arcs.  This  important  properly  of  ibe 
spring,  enabled  P.  le  Roy  to  bring  to  a  happy  issue  his  labours 
for  the  improvement  of  chronometry;  and  the  art  is  indebted 

-  to  him  for  the  practical  utility  of  Chat  discovery,  as  much  is 
for  the  invention  of  the  detached  escapement. 

F.  Bcrthoiid  appears  again  on  this  occa^iioik  as  a  rival  of  F. 

"  le  Roy,  and  arrogates  to  himself  the  honour  of  ihc  discovery 
of  Ihc  isochroiiism,  by  means  of  the  balance  spring;  buthit 
proofs  are  unsatisfactory,  and  the  dalesof  the  respective  labonn 
of  those  authors  are  loo  well  established  to  admit  of  any  pre- 
luinplion  favourable  to  his  pretensions.  K.  Bertbuud  did  nut 
publish  any  researches,  or  even  ideas,  upon  the  subject,  till 
1(73,  which  is  ihe  dale  of  the  Traitc  del  Horlogea  Marwet; 
where  (Premiere  Partie,  chap,  iv.  art.  li.),  with  the  same  wMt 
of  candour,  as  we  have  already  rcraadied  in  the  case  of  (he 
detached  escapemunt,  he  gives  a  verj- minute  detail  of  hi>a«n 
inquiries  and  experiments,  without  ei*cn  once  mentionii^  ihosc 
uf  his  predecessor.  When  that  authorwns,  afterwards,  obliged 
lo  take  notice*  of  the  accusations  published  against  bim  bf 

■  1*.  le  Roy  (in  his  Precis  dei  diffrrentes  Recherche*  qui  ont  ili 
failes  depuis  plui  de  qiuiranle  Ans,  pour  parrenird  resoudrelt 
fameux  Prubtime  dct  Longitudes  par  le  Seeour*  de  tMortote- 
riej,  he  refers  to  a  passage  of  the  Eitai  aur  I  'Horlagerie  (»ol. 
i.  p.  ifia),  to  shew  that  he  had,  in  1/63,  laid  the  foundatiup 

.of  bis  discovery  ;   but  that  passage  signilies  notbing,  and  na 
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only  prove  that  be  intended  to  make  cx|Krimcots  un  the  wide 
■tnd  narrow  vibrations  of  the  balance ;  and  Talis  short  of 
the  hints  contained  in  Dr.  Hookc's  Postscript,  which  we  have 
already  quoted.  But  though  we  cannot  allow  Bcrthoud  the 
credit  uf  originality,  it  is  impossible  to  duny  that  his  researches 
possess  an  eminent  share  of  merit ;  and  we  have  no  douLt  but 
ihat  their  publicatiun  ha^  bcun  of  great  service  to  ariiits,  in 
that  e^ciitial  part  of  the  construction  of  riinekcepers,  Ber- 
ihoud  found  thai  llie  spiral  spring,  in  order  to  be  isochronal, 
must  bave  an  ascending  force  in  srilbmetical  progression,  and 
that  this  properly  may  beeifectcd,  not  only  by  the  length  of  the 
sprii^,  but  by  the  number  of  coils,  and  the  tapering  or  de- 
cffasing  thickness  from  the  teniri;  to  the  extremity,  &c.  He 
adds  besides  the  pru|)oriion3  of  the  tapering  in  many  spnngs, 
which  he  had  aeWnlly  tried,  and  gives  minute  accounts  of  the 
experiments  made  with  ihcm  in  several  timekeepers. 

The  Fate  .Mr.  Arnold  applied  lo  ihe  balance  the  cylindrical 
or  helical  S|)ring,  which  had  bL'cn  employed  long  before  to  a 
variety  of  purposes  instead  of  the  spiral,  which  had  been  con- 
stantly used  in  watches  Miice  the  lime  of  Dr.  Hookc  and  M. 
Hnygens.*  This  is  one  of  the  articles  of  his  patent  of  1782, 
and  the  specification  is  contained  in  these  words :  "  The  in- 
'■  cvrtati'ig  of  the  eadi  of  the  helical  spring  it  attended  ailk 
*'  the  property  of  rendering  all  the  Tibrations  of  equal  duration, 
"  becauae  the  Jigure  il  alxcayi  iimilar  lo  itself."  Whence  it 
would  ap]>car,  that  provided  rhe  spring  he  made  of  that  form, 
ilie  vibralioni  cannot  fail  to  be  isochronal ;  but  experience  is 
contrary  to  ihai  notion,  and  artists  are  obliged  to  attend  to  a 
V;iriety  of  circun) stances  in  the  application  of  the  helical,  as 
well  as  that  of  the  spiral  spring.  Air.  Arnold  was  asked  by 
the  Committee  of  the  House  of  Commons,  to  which  the  petition 
of  Wr.  Mudge  was  referred,  f  "  fi'kat  objectiona  are  there 
"  againtt  the  common  tpiral  ipii/igf"  To  which  he  answered, 
"  That  it  it  never  a  ipiral,  but  ii:hen  it  is  at  rctf ;  /or  the 
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One  of  llarrieon's  watcbe«  had  an  helical   spring.     See  Earn- 
w's   Disclusure;  whu   says  the  machine  is  now  at  Grcenwicli, 


t  Rcptirt  from  Ihe  Select  Commit tc 
lHh  June,  17yj.  p.  81. 
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"  pcrftct  spiral,  both  vlien  t6e  spring  opmt  and  clotrt,  by  the  ' 
"  c'lifrari/  xibration*."  But  ihis  explanation  is  not  conclusive,  i 
and  rffiuires  some  niiHlificftlions.  A  spring,  of  wbateverfonn  ' 
it  may  bi-,  only  acts  when  its  figure  suffers  an  alteration,  ami 
for  that  reason  a  relative  change  must  take  place,  as  well  in 
tlie  cylindrical  as  the  spiral,  or  any  other  spring.      Wtat  is  lie 

'  shttpc  most  favouTabli:  lo  isucbronism,  is  another  question  lo 
be  decided  by  very  delicate  experiments,  which  we  do  not  know 
lu  have  bei^n  ever  made.  At  present,  some  watchmaken  think 
that  the  helical  spring  does  not  possess  any  advantage  with  rr- 
gard  10  ihat  properly  ;  but  as  the  opinion  of  other  petsom  b  , 
in  the  affirmalivc,  wliik  all  the  manufacturers,  as  &r  as  oui  I 
knowledge  goes,  agree  in  considering  the  cylindrical  &na» 
more  easily  managed  than  the  other,  its  application  E«cnu  «>■ 
litkd  to  the  merit  of  a  practical  improvement. 

10  That  application*  is  ascribed  by  common  report  to  Mr. 
Arnold,  and  wc  see  no  reasonable  ground  to  dispute  it  to  him, 
except  the  instance  before  noted,  and  the  evidence  of  the  lale 

,  Josiah  Emery,  who  declared  before  the  Committee  of  the  IIouw 
of  Commons,  in  the  case  of  Mr.  Mudge,*  that  be  hod  read  an 
account,  in  an  Eiiglisli  paper,  of  that  sort  of  spring,  under  the 
name  of  cylindrical  spring,  about  a  year  or  two  before  Mr.  A»-  ' 
nold  took  out  his  patent.  This  accotuit  was  contained  in  an  I 
advertisement  from  Bow-street,  relative  to  a  number  of  watchti  ' 
tliat  had  been  stolen  in  France  and  brought  into  England ;  but  I 
ftlr.  Arnold  perhaps  never  saw  it,  and  may  lia\c  tliooglil  of  ' 
the  appUcation  of  the  helical  spring  to  watches  without  pre-  , 
vious  hint  or  assistance. 

Mr.  Earashaw,  in  the  explanation  of  hw  timekeepers,  pre- 
sented to  the  Board  of  Longitude,  afier  noticing  the  insufficien- 
cy of  the  cylindrical  spring,  slates  ihai  he  had,  by  long  pene- 

^  verancc,   found  how  to  make  springs  increasing  in  thickness  to 

i  tlie  outer  end,  in  order  to  effect  tjie  isocbronism  of  the  »ibr«- 
rions.  This  method  of  obtainino  isochronal  vihrsdoDS  bod 
been  long  before  explained  by  Dcrlhoud,  with  n^ard  to  the 
'spiral  spring,   in  Ihat  part  of  his  Treatise  on  Marine  Time- 
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'  pfrccs  which  we  have  already  quoted  ;  and  wc  are  ratlier  sur- 
prised Id  learn  that  il  cost  Mr.  Earnsbaw  so  mucb  trouble  tu 
tttscover  it;  but,  according  lo  his  account,  that  property  does 
not  answer  tomptelely  the   object  in  view,  and  watches,  with 
isochronal  tipnngs,   well  adjusted  at   ^rst,    wit!  progressively 
lose  in  their  rates,  (iom  the  relaxation  which  lakes  place  in 
tlicm.     The  remedy  for  thai  evil  Mr.  Earnshaw  declares  him- 
■elf  to  Iiave  discovered,    hy  a  coniinitance  of  the  same  stub- 
born application  which  he  had  bestowed  on  the  former  part 
of  his  labours;  and  that  it  consists  in  making  the  springs  of 
such  a  shape  as  to  gain  in  the  narrow  vibrations,  about  fi\e  — who 
or  six  seconds  per  day  more  than  in  the  wide  ones.     The  ff^^^j 
reason  of  this  coiitnviince  is  explained  by  the  author  in  the  vibri 
following  passage  ol  his  statement  (p.  10) :  "  1  find  the  com-  m^^, 
"  mon  n-laxution  of  balance  springs  lo  be  about  five  or  six  iiii'' 
''  seconils  ptr  day  on  their  rates  in  the  course  of  a  year; 
"   therefore,   if  the  short  vibrations  are  made  by  the  shape  of 
"  the  spring  to  go  about  that  quantity  fnsler  than  the  long 
"  ones,  and  as  the  sprini;  relaxes  in  going  by  lime,  so  the 
"  tvatch  accumulates  in  dirt  and  thickness  of  the  oil,  which 
"  shortens  the  vibrations,  the  short  ones  then  being  quicker, 
"  compensates  for  ihecvil  of  relaxation  of  the  balance  spring-" 
But  the  whole  of  this  explanation,   though  plausible  at   first'Thit 
Hght,  seems  liable   to  considerable  doubts  and  objections,  inil 
it  would  require  a  Kerics  of  decisive  ejiperlmcnls  to  prove  th 
accuracy  of  ilie   method,  and  tlie  certainly  of  its  applies 


Some  skilful    makers  are  not  satisfied  as  lo  the   reality  of  U  may  iw 
this  relaxation  of  the  balance  spring,  at  least  to  the   degree  H-h^h*"* 
which  js  implied  in  the  above  reasoning;  and  none,  we  appre-  spi'inMdnraU, 
hend,   vrill  believe  that  the  relaxation,  supposing  it  to  take 
place,  will  be  so  uniform  as  to  admit  of  a  remedy,  fixed  in  all  — <*'  'f '", 
cases  to  the  same  quantity  of  difference  between  the  wide  and  jbimly  V""' 
narrow  vibrations.     Is  it  probable  ibai  the  efiects  of  the  relax- 
ation, which  proceeds  from  wear,  can  be  ascertained  by  any 
other  means  than  very  long  trials  with  each  individual  spring  f 
Or  is  il  to  be  supposed,  that  llje  progressive  alteration  of  springs  —or  oiherwiMj 
is  of  such  a  nature,  as  to  be  concluded  from  a  short  experi-  ^'■'"™"'»We 
ment,  taking  it  for  granted,  that  the  variations  will  be  always  ""la'  ' 
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and  iithcn        knonn  to  accelerale  iiistend  of  retarding,  during  a  considerabis 
ticady""  ''"'*  '  ""^  ''"''*  ""^  ^"""^  which   have  gone  for  years  without 

nny  in  ale  rial  alteration  in  ihcic  lates  ;  a  fact  which    strongly 
militates  against  the  rule  proposed,  as  An  unfailing  and  uihtpt- 
sal  meihud.     What  would  have  been  the  effect  of  iiitroducii^ 
into  Uiosc  timekeepers  the  invariable  excess  of  five  or  six  seconds 
Mr-Eani'^liiiw'*  of  the  narrow  above  the  wide  vibrations,  which,  like  a  quack 
I""ri'?iii'Ji')n  '■"^''''''"''' " '°  •^"•'^t  "'■'•"Ut  distinction  of  symptoms  or  snb- 
of  I'll'  -nine      jccti,  all  the  disorders  proceeding  from  ihe cause  of  relasalion. 
""i  .i'"',"  .l^ln     The  proposed  remedy  appears  linhle   to  the  objection  which 
the  lusilU.v  ui    naturally  occurs  on  the  slightest  coniiileraiion  ofany  compensa- 
""  tion  intended  for  circumstances  which  arc  contingent,  aDrie&cIs 

which  cumiut  be  anticipated.    It  is  at  first  a  source  of  irrrgu- 
larity,  while  there  is  no  certainty  of  its  prorins  nn  effectual  cor- 
rection of  the  supposed  fului-c  changes.     And  again,  even  if  ilia 
Tclaxati.m  of  the  springs  could  be  remedied  by    the  shape,  ot 
any  other  essential  requisite  of  thu  spring  itself,  it  would  still  be 
It  irvFliidoiiie  hazardous  to  ad'tpt  a  spcciflc  variation  in  llmt  organ,  uDacCDunI 
X'hM-eln'thfl  °^  '^ffcf^ia  which  might    afterwards  result  from   iho  diffcrrnl     ' 
oil  »t'  din  in      ihickncss  of  the  oil  or  acciiinulalion  of  dirt ;  two  circumstancn 
"w^      "'^'     which  are  too  vuiiable  and  uncertain  to  appear  susct-pliblc  oi 
cartaiu.  beir^  counteracted  by  any  regular  process.     Our   argumentt, 

however,  ought  to  be  allowed  no  ether  force  than  what  can  be 
derived  from  a  clear  general  view  of  the  subject ;  and  we  will 
Mr.  Eannhnw  admit,  that,  if  Mr.  Camsliaw  slu.uld  be  able  to  produce  a  series 
ou?htiie\hL-  Qf  conclusive  experiments  in  sup|)orl  of  the  accuracy  of  Lis 
deduction*-  so  suf^gestions,  with  certain  ndcsfor  practice  derived  from  llicm,hit 
remedy  for  the  relaxation  of  springs  would  then  desenc  to  be 
reckoned  a  valuiible  addition  to  the  art  of  making  limepiccn.  ' 
—and  tUl  lie  In  tlie  mean  time,  the  makers  will  do  right  to  follow  that  , 
doc«,iiii  reme-  nj^ihod  which  is  at  present  in  general  use  among  tbem,  and 
able.  continue  their  endeavours  to  acciimphsh  the  perfection  of  chro- 

nomeiers  by  the  principle  of  isochronal  vibrations. 
The  isiwhion-  Among  the  great  advantages  resulting  from  the  isochronlsm 
:  spring,  is  Ihe  facility  which  it  affords  to  procure 
wide  ribrations,  and  increase  ilie  power  of  the  regulator.  The 
irregularity  proceeding  from  the  •  irin'^,  having  tbcir  wide  and 
narrow  vibrations  of  different  durations,  was  for  a  long  time  si> 
great  an  obstacle  to  that  practical  improvement,  that  even  the 
genius  of  Daiuel  Bernouilli,  to  whom  wc  are  indebted  for  very 
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INVEVTIOM    OF    CIIRONOMETEIIS,  &C. 

leep  rcsen  re  lies  upon  (lie  subject  of  clirononieters,  ascribed* 
tw  princijiul  caiiHG  of  the  impcifcclions  of  walchca  to  ihu  wide- 
ly of  ibc  vibrstians ;  and,  while  he  assigned  the  small  power 
f  tlie  balance,  as  lUc  set/ond  cause  of  error,  he  foinid  himself 
inder  the  necessily  of  recommPtiJing  +  very  short  ribrntions, 
h  order  to  effect,  in  that  way,  the  rctjuired  equality  of  their 

Another  great  advonlngc,  proceeding  from  the  isochronism  of  Thii  

be  balnncc  spring,  combined  with  lUo  detached  escapement,  is  ^"'h^^lscubj^* 
^e  dcslructiun  of  those  variations  which  would  arise  from  the  raenl  Aa  tha 
main  spring.  From  l!ie  first  appearance  of  (he  invention  of  f^'^^*!^ 
letnchcd  escapement,  wc  find  P.  lo  Roy  attentive  to  that  •riting  froio 
'imponaut  object ;  and  in  17iS,  when  he  presented  his  model    ^        «*™r« 

the  Academy  of  Sciences,  he  tried  it  before  that  assembly 
with  the  main  spring,  at  the  two  extremes,  when  the  difference  ^^M 

the  rate  of  going  was  found  to  be  very  smnllt      The  author  ^^| 

ahi'wed  how  to  destroy  even  tlial  small  difference,  and  explain-  ^^| 

■d  how  all  the  vibnitiuiis  might  be  ri-itdered  of  the  same  dura- 
tion.||      P.  Ic  Roy  having  aflerwanU  discovered  the  method,  PcterleRof, 
«f  eSccting  the  isochroniam,  by  means  of  the  bdancc  spring,  rtucJi'^ihso 
Inistcd  so  confidently  to  that  property,  combined  with  his  im-  very  aarly,  " 

'ovcd  deiadied  ei^capemenl,  that  in  the  chronometer  for 
which  he  was  rewarded  in  1766,  he  laid  aside  the  chain  and  — 
fiifce,  and  made  the  raaJnti^iiniii;  powur  act  imtnediately  on  *^' 
tile  train  of  wheels.  In  the  "  SDccmct  Account  of  the  Atfmpls 
*'  of  Messrs.  HaiTison  and  Lc  Roy,  for  finding  the  Longitude 
**  alSea,  by  P.  le  Roy;"  an  English  translation  of  wliich,  by  a 
Fellow  of  the  Royiil  Society,  was  published  in  1768,  in  London  ; 
Ibe  autlior  expressly  states,  that  his  watches,  according  to  that 
IConstniciion,  go*  thirty  hours  without  winding  up ;  and  upon 
^amining  their  rate  of  going  in  the  first,  and  in  the  lost  fifteen 

•  Rechcrches,  Mochaniqnes  et  Astronomiqucs,  sur  la  Question 
proposes  par  I '  Academic  Itoynlo  dcs  Sciences,  pour  1' Ann«e, 
1745!  la  mcilleure  Maiiicre  de  UouverrHeure  en  Met,  §  xiii. 

t  The  same.  ^  wviii. 

J  Jouruni  dcs  Machines,  1748. 

Ij  Set'  the  description  of  lliat  chronometer,  in  the  Mfmoirc  sur 
la  mcilleurc  ftlaniere  de  mesurcr  lo  Temps  en  Mer,  par  P.  le  Roy; 
atiaclicd  to  Cassiiii's  voyage. 
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it  hours,  no  sensible  variation  is  pei'CeptiliEc.  The  late  Mr. 
nold  alsn  iimiie  a  sro^ar  experiment  at  ibe  hotue  of  the  lale 
tiy  Ai-  Mr.  Aubcrt,  anrl  inTOc  presence  of  several  ingenious  genlle- 
men  ;  '  and  the  result  eWnced  the  succew  with  which  he  had 
remoied,  by  the  same  mean',  the  errors  srismg  from  <he  ine- 
qualitit«  of  the  maintaiaing  power. 
iHing  The  preceding  st.ilement  is  intended   to  afTord  a  candid, 

"'  thougii  nnt  a  minute  account  of  the  progress  of  chroDOmclrv  M 

r^e  pre^ent  day  ;  as  tar  ns  the  steps,  by  which  the  art  hac  ai)< 
vanced  lu  its  actual  Mate  of  perfection,  may  be  esteemed  either 
inveniiiins  entirely  new,  or  essentiBl  improvements  in   the  me- 
thods known    before.      Those   methods  which  do  not  admit  of 
philosophical  or  clear  description,  end  also  such  sa  haw  not 
yet  been  sufficiently  established  by  experiment,    an-  not   con- 
sidered as  within  the  limits  of  this  sketch  ;   and  we  must  ob- 
serve the  same  silence  with  regard  to  improvernenlfi  in  mera 
workmanship,  though  in  themselves  of  great  praciicnl  ralrv. 
whsni-   We  cannot,  however,  avoid  noticing,  that  the  leading  principlei, 
luii^Bii  ^y  "hich  the  mechanical  solution  of  the  problem  of  the  los^- 
^Mitif  iiidebt-  tudc  at  sea  has  been  effected,  have  derived  a  considerable  part 
u!  workmen  ■     "^  their  utility  and  success  from  the  preat  pert'ection  in  the  Me- 
cution,  which  is  a  coiisctfucncc  of  the  llourishing  siair  of  th« 
trade  of  watchmaking;  aitd,  under  that  point  of  view,  we  niu^t 
thank  liic  great  wealth  and  maritime  commerce  of  this  country. 
n  extensive  demand,  which  has  not  only  promoted  the  ma- 
>,  nufactor)'  of  good  watches,  but  created  a  new  branch  of  trade, 
by  a  considerable  demand  for  linekeepers  for  sea. 


Accoimt  of  a  Snici  of  Erptrimaits,  shrwlng  (Ac  Fleets  ef 
ConiprtmoK  in  modifying  the  Effrcts  of  Heat.  Bjf  Sir 
Jameb  Hall,  Bart.  F.  R.  S.  Etlinl>urgk,  J^.  ^. 

(Condudtd  from  page  21 2J 

.    VV  HAT  has  been  said  of  ihe  heat  conveyed  by  intcinal  vol- 

*  That  experiment  is  generally  known,  and  has  been  recently 
neationed  in  the  Answer  to  Mr.  Bsmshaw,  bj  Mr.  Dalnrmplc. 
p.  tto. 
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ams,  applies  ecjueilly  to  that  deeper  and  more  general  vstions  on 
by  which  tlie  lavas  thcm^lves  are  meltcil  and  propelled  e>teiit  uf 
'Brds.  That  ihcv  have  been  really  so  propelled,  from  a  ''''»*  wWc 
It  internal  ina-ts  of  malter,  in  liquid  fusion,  seems  to  admit  t),c  mUrk 
cf  no  doubl,  to  whatever  cause  we  ascribe  the  heat  of  volcanoes,  ""'■  ^°^- 
It  is  no  less  obvious,  that  ihe  temperature  of  that  liquid  mutl 
be  of  fax  greater  intensity  than  the  lavas,  Rowing  frtira  it,  can 
retain  when  tbey  reach  the  surface,  tndependently  of  any 
actual  eruption,  the  body  of  heat  contained  in  this  vast  mass  of 
liquid,  must  diffuse itsctftlirough  the  surrounding  substances,  tb« 
inleosily  of  the  heat  bring  diminished  by  slow  gradations,  in 
proportion  to  the  distance  to  which  it  penetrates.  When,  by 
means  of  lliJs  progressive  diffusion,  the  heat  has  reached  an  as- 
semblage of  loose  marine  deposites,  subject  to  the  pressure  of  a 
greatsuperincumbcnlwcighl,  the  whole  mu»t  bca^lutjnatedinla 
a  mass,  the  solidity  of  which  will  vary  with  the  chemical  com- 
pusitjon  of  the  substance,  and  with  the  degree  of  heat  lo  whick 
each  particular  spot  has  thus  been  exposed.  At  the  same  time, 
unalogy  leads  us  lo  suppose,  that  this  deep  and  extensive  licait 
must  be  subject  to  vicissitudes  and  intermissions,  like  the  exter- 
nal phenomena  of  volcanoes.  Vie  have  endeavoured  to  ex- 
plain some  of  these  irregularities,  and  a  similar  reasoning  may  Im 
extended  to  the  present  case.  Uavtng  shewn,  that  small  in* 
teiiial  streams  uf  lava  lend  successively  to  pervade  every  weak 
part  of  a  volcanic  mountain,  wc  are  led  to  conceive,  that  the 
of  heated  matierjust  mentioned,  will  be  successive- 
ly directed  to  different  parts  of  the  earth  ;  so  (hat  every  loose 
iblage  of  matier,  lying  in  a  submarine  and  subterraneao 
situation,  will,  in  its  turn,  be  atfecicd  by  the  indurating  cause; 
and  the  influence  of  internal  volcanic  heat  will  thus  be  circum- 
scribed within  no  limits  but  those  of  the  globe  itself. 

Aseries  of  undoubted  facts  prove,  that  all  our  strata  once  All  ouriti 
Ji0S  in  a  situation  similar  in  all  respects  to  that  in  which  the  *^^i,'^," 
'jnuiae  dcposites  just  mentioned  have  been  supposed  to  lie. 

The  inhabitant  of  an  unbroken  plain,  or  of  a  country  formed 
of  horiaontal  strata,  whoDc  observations  have  been  confined 
to  his  native  spot,  can  form  no  idea  of  those  truths,  which  at 
every  step  in  an  alpine  district  force  themselves  on  the  mind 
of  a  geological  observer.  Unfortunately  for  the  progress  of 
geology,  both  Loudon  and  Paris,  &re  placed  ia  cotmlries  of  little 
ictuiesti 
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iQti;rp=l !  and  ihosc  scenes  by  whicli  ilicprincjplcsof  tl"-»cU-nc* 
aiv  brouglit  into  view  in  the  moit  Mriking  manner,  nre  unknowtt 
to  many  person?  l«5l  capabk- of  B)>pn-ciiiling  ihctr  value.  Tl* 
most  important,  and  ni  llio  same  time,  the  raw.1  Hstwnidiit^ 
truth  which  wi-  K-uiti  by  itny  gcologicul  ob»rvalkin<i,  ii,  thol 
luclis  and  mo\uitain$  now  placed  at  an  elevation  of  more  tLsa 
two  miles  above  the  Icvirl  of  Iht^  ava,  must  at  one  p<-riad  hart 
Isjn  at  its  bottom.  This  is  undoubtedly  true  of  thowc-  stniMcl 
limestone  which  conttiin  shells  ;  and  the  scune  conclusion  mstt 
be  extended  to  the  circumjacent  strata.  'Ilie  imaginatian 
struggles- against  the  admission  of  so  violent  apmilinn;  but 
mu&t  yield  to  the  force  of  unquestionable  evidence ;  and  it  i« 
proveil  by  the  example  of  the  most  eminent  and  cautioiu  (ib- 
tervers,  that  the  couclusion  is  inevitable.* 
i  Tliat  the  moun-  Another  fiuestion  here  occurs,  which  has  been  mil  tmtti 
r  fUnateduut  oi'''y  ^''"-  I'''*)'hiir.  Hns  the  sea  retreated  from  At  mountain*? 
icB,  ii  inucb  or  have  they  ri^n  out  of  the  »eB  ?  Tie  has  »hewn,  thai  the  bil- 
*,h^ii'g*  ance  of  probability  is  incomparably  in  favour  of  tJie  lallct 
K3  nibsided  supposition  ;  iince,  in  order  to  maintain  the  fifnncr,  AT  mntt 
dispose  of  an  enormous  moss  of  sea,  whose  deplh'is  Ecvnal 
miles,  and  whose  base  is  greater  than  the  surface  of  the  nhole 
sea.  ^VIlereus  ihc  elevation  of  a  coiilineiit  out  of  the  sea  lite 
ours,  would  not  change  ils  level  above  a  few  feci -,  and  n-en 
vfcre  a  great  dernngement  thus  occasioned,  ilie  uater  wotiM 
easily  find  its  level  without  Ihe  assistance  of  any  extraordinaiy  ; 
supposition.  Thcelcvationof  the  land,  loo,  is  evinced  by  what 
has  occasionally  happened  in  volcanic  regions,  and  afford)  & 
complctcsolutionof  [heconloiiion  and  erection  of  strata,  whicli' 
ore  atmoBt  univtrrsallj  admitted  to  have  once  lun  in  a  plane  and  , 
horiitontal  position. 

Whatever  opinion  be  adopted  fci  lo  the  mode  in  which  tJio 

land  and  tlie  water  have  been  Beparuled,  iu>  one  doubts  of  the 

ancient  submarine  ailuatinn  of  the  strata. 

They  were  ori-      An  important  series  of  facts  proves,  that  they  were  likewisVi 

«vli?o*tJi7r^"''  suhtcrranean.     Every  thing  indicates  that  a  irreat  quantity  of 

toitb.  matter  has  been  removed  from  what  now  constitutes  the  surfactr 

of  our  glube,  and  critTinnus  dejKtsites  of  loose  fragments,   evi-' 

dently  detached  from  massessimilar  to  our  commonroc^,  evince^ 

•  Sauesure,  Voyajc)  (.'aiis  !e»  Alpcs,  torn.  li.  p.  99—104. 
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rte  action  of  some  very  powerful  agent  of  destruction.  Ana- 
logy too,  leads  us  to  believe,  that  all  the  primary  rocka  have 
once  tweo  covered  wiih  secondary  ;  yet,  in  vbsi  diiiricti,  no 
KCondary  rock  appears,  [n  short,  geolopists  seem  to  ayree  in 
admitting  the  general  position,  that  very  great  changes  of  this 
iind  have  taken  place  in  the  solid  surface  of  the  globe,  however 
much  they  may  differ  as  to  theiramount,  and  as  to  their  causei. 

Dr.  Hullon  ascribed  these  changes  to  the  action,  during  very — wbich 
long  time,  of  those  agents,  which  at  ibis  day  continue  slowly  to  I^"\^ 
corrode  the  surface  of  tlie  earth  ;  froslj,  raini,   the  ordinary  and  was 
floods  of  rivers,  &c.  which  he  conceives  to  have  acted  always  ""'''  * 
vrith  the  same  furce,  and  no  more.     But  to  this  opinion  I  could 
never  subscribe,  having  early  adopted  that  of  Saussure,  in  which 
he  is  joined  by  many  of  the  continental  geologists.     My  con- 
viction was   founded  upon  the  inspection  of  those  facts  In  ibo 
neighbourhood  of  Geneva,  which  he  ha«  adduced  in  support  of 
bis  opinion.     I  was  then  convinced,  and   I  still  believe,  that— but tbet«ui 

vast  torrents,  of  depth  sufficient  to  overtop  our  mountains,  have  '"'•"■""''o™  of 

vast  tonvnla 
anept  along  the  surface  of  the  earth,  excavating  Tallies,  under-  baring  tw«pt  it 

mining  mountains,  and  carrying  away  whatever  was  unable  to  *' 
zcsist  such  powerful  corrosion.  If  auch  agents  have  been  at 
work  in  the  Alps,  it  is  difficult  to  conceive  that  our  countries 
should  have  been  spared,  I  made  it  therefore  my  business  lo 
search  for  troces  of  similar  operations  here.  I  was  not  long  in 
discovering  such  in  great  abundance  ;  and,  with  the  help  of 
teveral  of  my  friendi,  1  have  traced  the  indications  of  vast 
lorrents  in  this  neighbourhood,  as  obvious  as  those  I  formerly 
■aw  on  Saleve  and  Jura.  Since  I  announced  my  opinion  on 
this  subject,  in  a  note  subjoined  to  my  paper  on  Whinstone 
ud  Lava,  published  in  the  tifth  volume  of  the  Transactions  of 
ibis  Society,  I  have  met  with  many  confirmations  of  these  views. 
Ilie  most  important  of  these  are  derived  from  the  testimony  of 
my  friend  Lord  Si'Ikiik,  who  has  lately  net  with  a  series  of 
■itnilar  facts  in  Nurlh  America. 

It  would  be  difficult  to  compute  the  cfTceis  of  such  an  agent  ;7iii,,uperiii^ 
but  if,  by  means  of  il,  or  of  any  otlier  cause,  the  whole  mass """I'^nt 

,  ,  ,       ,  K'ifht  would 

of  lecondary  sirala,  in  great  tracts  of  country,  has  been  renio-  piwlure  a  con 

vedfromabove  the  primary,  thenciaht  of  (hat  mass  alone  must  •'"*""""''''• 

eient  t.)fuiBl 
bsTe  been  sufficient  to  fiifil  all  the  condition!  of  the  Htittonian  lUe  Hattooitn 
Vol.  XIV.— Adoust,  1800,  R  r  Theoij, TLeory. 
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Theory,  without  having  recourse  to  tb( 
wh*n  ihc  iwo  preasurw  were  conibnq 
been  their  united  slrcnetli  !  ^ 

WoareaulhoriKd  tosuppow,  thatJ 
in  this  situalion,  unilerwoiii  the  act! 
have  burnt  long  before  the  earliest  tB 
appears  by  the  magnitude  of  some  n 
can  scarcely  be  doubted,  that  their  I 
material  cessation  ever  since  the  aurl 
its  present  form.  In  extending  tha) 
of  still  higher  anliquity,  whcu  our  stn 
sea,  uc  do  no  more  than  ascribe  pcra 

The  combination  of  haat  and  o 
these  circumstances,  carries  us  to  tb 
nian  Theory,  and  enables  us,  upon  il 
the  igneouii  formation  of  all  rockl 

GilCE, 

■CnuninTiiina  The  sand  would  thus  be  changed 
teSt^unrf«'il.'i!  •'">"">'^  ;  ^^  'lis  animal  and  v^ 
pmnire  m  pn«  Other  beds,  consisting  of  a  mix 
dup.i^t:«v.ri-        ,j  ^^  j,j,|  ^jj^g  alTecicd  by  the^ 

QUI  ttoiiy  inaT-  -f 

'  ten  aov  funnd.  tatncd  irun,  carbonate  of  Ume,  and  I 
turc  of  various  earths,  would  ent« 
netraiing  throui^h  every  crevice  tha 
cases,  reach  what  was  then  the  suti 
Btilute  hiva:  in  other  cases,  it  wo; 
rents,  and  constitute  prophyry,  basg 
of  that  numerous  class  of  subsCant 
under  the  name  of  wkinsioae.  At  ( 
lartiualily,  but  of  composition  so 
enter  into  a  state  of  viscidity,  such  ■ 
in  tlieir  progress  towards  fusion.  li 
though  far  from  possossinji;  the  sainf 
lusceptible   of  crystalline  arranged 


«  Tliifl  stale  of  viscidity,  with  its  nv 
Mrviut;  oi'  great  attention,  since  it  a4 
must  iir|.i.iftiint  puolujiical  quiistiooa.  . 
ertL'd  hysumesubstances,  ia  theact  oj 


/I 


iict|,  in  lliis  sIiiiK'ili  stall',  woyl.i  be  little  difposed  to  move, 
in;;  Conriiii.-(l  in  its  originiil  siiuuiiun  by  contiguous  beds  of 
ire  refractory  matU'v,  wuuld  cryslajliie,  without  undpi^oing 
cliangc  of  [ilac*-,  iiti'l  Ci>nstilutc  one  of  those  beds  of  wliin- 
e  which  friHiuently  occur  imcrslratified  with  sandstone  and 

III  olItL-r  cHses  wliere  the  heal  was  more  intense,  the  beds  of 
sand,  Hpprockching  morr  nearly  to  a  stale  of  fusion,  would  ac- 
quire such  tenocily  and  tuughneia,  as  to  allow  themselves  to  he 
l)ent  and  cuntorled,  witnuut  laceratiim  or  fracture,  b)'  tlie  in- 
fluence of  local  mutiiins,  and  might  assume  the  shape  and  cha- 
racter of  primary  scliistus :  the  limes  tone  would  he  highly 
crystallised,  and  tsould  become  marble,  or,  enterina;  into  titiu 
fusion.  Would  penetrate  the  minutest  rents  in  the  form  of  cal- 
careous spar.  Lastly,  when  the  heat  was  higher  still,  the  sand 
itself  would  be  entirely  mcUcd,  and  might  be  converted,  by  the 
subsequent  effects  of  slow  cooling,  into  granite,  sicnite,  Ike. ; 
in  lonie  cases,  retaining  traces  of  its  original  stratiiication,  and 
/consiituting  gneiss  and  stratified  granite  ;  in  others,  flowing 
into  the  crevices,  and  forming  veins  of  perfect  gianite. 

onsetjucnce  of  the  action  of  hcati  upon  so  great  a  quan-  T 
.tily  of  matter,  thus  brought  into  a  Quid  or  semifluid  slate,  and  "^ 

which,  notwithstanding  the  great  pressure 
vrould  be  volatilized,  a  powert'ul  heaving  of  ibe  superincumbent  "^ 
mass  must  have  taken  place  ;  which,  by  repeated  efforts,  suc- 
ceeding each  other  from  below,  would  at  last  elevate  the  strata 
into  their  present  situation. 

The  Huttonian  Theory  embraces  so  wide  a  field,  and  eom- 
prebends  the  laws  of  w  many  powerful  agents,  exerting  their 
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is  well  knonn.  I  have  seen  n  set  of  lai^c  and  broad  crystals  of  ice, 
like  the  blade  of  a  knife,  formed  in  a  mass  of  clay,  of  such  stiffness, 
that  it  had  been  just  used  to  makcscups  for  chemical  purposes.  In 
many  of  my  former  cuperiments,  I  found  diat  a  fragment  of  glasg 
made  from  whinsloae  or  lava,  when  placed  in  a.  muffle  heated  to  thu 
melting  poiDlol' silver,  assumed  acrystalliae  arrangoiueut,  auduo- 
derwcDt  a  complete  change  of  character.  During  this  cliangv,  it 
became  soft,  so  as  to  yield  to  the  touch  ofan  iron  rod;  yet  rclaiiied 
such  Kiffaess,  that,  lying  untouched  ii>  the  muffle,  it  preserved  its 
phape  entirely;  the  aharp  angles  of  its  fracture  not  being  in  the 
least  blunted. 

R  r  3  inllu- 
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Influence  in  circumBtaj)ce»Biid  in  com bioBtions  hitherto  untriedi^ 
that  many  of  its  brancbeE  must  Mill  remain  in  wi  unfinithed  « 
slate,  and  may  long  be  exposed  to  pRriial  and  plausible  objec- ' 
dons,  aftei  we  are  satisfied  uith  regard  to  its  fundametital  doc- 
trines. In  the  meat)  time  I  Inisl,  that  the  object  of  our  pur-i 
suit  has  been  accomplished,  in  a  satisfactory  manner,  by  • 
the  fusion  of  lijnestone  under  prassure.  Tbis  single  result  af- 
fords, I  conceive,  a  strong  presumption  in  favour  of  the  solu- 
tion which  Dr.  Huiion  has  advanced  of  all  the  g«olopcsI  phe-  i 
iKSBiena;  for,  the  truth  of  the  most  doubtful  principle  vhtch 
be  has  assumed,  has  [bus  been  established  by  direct  I'xperiment. 


Specific  Gravity  of  tome  i^  (he  foregoing  Retultt. 

Conremind  the  As  many  of  the  artificial  limestones  and  marbles  produced  in 
Kuf 'rtjdiei-  t'lcse  experiments,  were  possessed  of  great  hardness  and  com- 
I>«rtimlariy  pactnew,  and  as  they  had  visibly  undergone  u  great  diminution 
oui-  tiwunv-  of  bulk,  and  felt  heavy  in  the  hand,  it  seemed  to  me  an  object  of 
nt«  'leiiu  lr«  some  consequence  to  ascertain  theirspecific  gravity,  rompand 
•9;,  lUntJie  "''^  each  other,  and  with  the  original  substances  from  which 
para  H>par«te- they  wpre  formed.  As  the  orif^inal  was  commonly  a  mass  of 
chalh  in  the  lump,  which,  on  being  plunged  into  water,  b^m 


to  absorb  it  rapidly,  and  continues  to  do  so  during  a  lorg  timet 
so  as  to  vary  the  weight  at  every  instant,  it  was  impossible,  till 
the  absorption  was  complete,  to  obtain  any  certain  result ;  and 
to  allow  fcir  tbe  weight  thus  gained.  re<juircd  the  application  of 
a  method  different  from  tliat  usually  omployed  iti  estimating  spc- 
ciGceravity. 

In  the  common  me|hod,  the  substance  is  first  weighed  in  air, 
and  then  in  water ;  the  difference  indicating  tlie  weight  of  wa- 
ter displaced,  and  being  considered  a^  that  of  a  quantity  of  wa- 
ter e<]ual  in  bulk  to  the  solid  body.  But  as  clialk,  when  satu* 
rated  with  water,  is  heaiisr,  by  about  one-fourth,  than  when 
dry,  it  is  evident,  that  its  apparent  weight,  in  water,  must  bein- 
cieascd,  and  tbe  apparent  loss  of  weight  diinini&hcd  c«Kctly  lo 
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Ibat  amount.  To  have  a  ju&t  estimate,  then,  of  the  quantity  of 
water  displaced  by  the  solid  body,  the  apparent  loss  of  weight 
muil  be  increased  by  adding  the  absorption  to  it. 

Two  distinct  methods  of  taking  specific  gravity  thus  present 
themselves,  which  it  is  of  importance  to  keep  separate,  as  ead^ 
of  them  is  applicable  to  a  particular  class  of  subjects. 

One»of  these  inethods,  consists  in  comparing  a  cubic  inch  of  • 
a  subtttance  in  its  dry  state,  fallowing  its  pores  to  have  their  share 
ia  Cf instituting  its  bulk,  with  a  cubic  inch  of  water. 

The  other  depends  upon  comparing  a  cubic  inch  of  the  so- 
lid n^atter  of  which  the  substance  is  composed^  independently 
of  vacuities,  and  supposing  the  whole  reduced  to  perfect  solidi^, 
with  a  cubic  inch  of  water. 

Thus,  were  an  architect  to  compute  the  efficacy  of  a  g^ven 
bulk  of  eaith,  intended  to  load  an  abutment,  which  eaith  way 
dry,  and  should  always  remain  so,  he  would  undoubtedly  follow  ' 
the  first  of  these  modes :  Whereas,  were  a  farmer  to  compare 
the  specific  gravity  of  the  same  earth  with  that  of  afiy  other  , 
foil,  in  an  a^cuUural  point  of  view,  be  would  use  the  second 
inode,  which  is  involved  in  that  laid  down  by  Mr.  Davy. 

As  our  object  is  to  compare  the  speciBc  density  of  these  re- 
anlta,  and  to  ascertain  to  what  amount  the  particles  have  aj)^ 
proached  each  other,  it  seems  quite  evident  that  the  first  mo^ 
is  suited  to  pur  purpose.  This  will  appear  most  distinctly,  by  -• 
inspection  of  |he  following  table^  which  has  been  cpnstmcted 
JO  as  tb  include  both. 
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Explanadon, 

'  Column  I>  contains  the  numlxr  atlixctl  to  each  of  the  spec!-  FxplanMina  ol 
mens,  whfst  properties  are  expressed  in  the  table.  i^'iH2''|n»i- 

The  Uni  eleven  arc  the  same  willi  ihose  used  in  the  paper  ties,  &c 
Tvad  in  ibis  Society  on  the  30th  <jt  August  1304,  and  pubUshed 
In  Nicholson's  Jouniiil  for  October  following,  and  which  refer 
to  the  same  specimens.  No.  12.  Is  a  spccimenof  yellow  mar- 
ble, bcanng  a  strong  rcsemMaiice  to  No.  3.  No.  13.  A  speci- 
men of  chalk.  No.  14.  Shews  the  average  of  three  trials  with 
chalk.  No.  15.  Some  pounded  chalk,  rnramed  in  the  manner 
followed  in  these  experiments.  In  order  to  ascertain  iCs  specific 
gravity,  I  rammed  the  powder  into  a  glasa-tube,  previously 
weitjheH  ;  then,  after  weighing  the  whole,  I  removed  the  chalk, 
and  ^Ited  ihc  same  tube  with  tvater.  I  thus  ascertained,  in  a 
direct  manner,  the  weight  of  the  substance,  as  stated  in  column 
II.,  and  that  of  an  equal  bulk  of  water,  stated  in  t:olunin  VIII. 
Column  [I.  Weight  ef  the  substance,  dry  in  air,  alter' expo- 
sure, during  several  hours  to  a  beat  of  21^  of  Fahrenheit. 

Column  III.  Its  weii^ht  in  water,  after  lying  long  in  the 
liquid,  so  as  tit  perform  its  full  absorption;  and  all  air- bubbles 
being  carefully  removed. 

Column  IV.  Weight  in  atr,  wet.  The  loose  external  moist- 
ure being  removed  by  the  touch  of  a  dry  cloth  ;  but  no  time 
being  allowed  forevaporation. 

Column  V.  Difference  between  columns  I!,  and  III,  or 
apparent  weight  of  water  displaced. 

Column  VI.  Difference  between  columns  II.  and  IV.|Oi 
the  absorption. 

Column  VII.  Absorption  reduced  to  a  per  centage  of  the 
dry  substance. 

Coiuiim  VIII.  Slim  of  columns  V.  and  VI.,  or  the  real 
weight  of  water  displaced  by  the  body. 

Column  I.X.  Si>ccific  gravity,  by  the  common  mode,  result- 
ing from  the  division  ol  column  II.  by  column  V. 

Column  X.  Specilic  gravit),  in  the  new  mode,  resulting 
from  the  division  of  column  II.  bycolumn  Vlll. 

The  Specific  graviiies ascertained  by  tha  new  mode,  and  ex- 
pressed in  column  X.  correspond  very  well  to  the  idea  wliicli 
is  formed  of  tlieii  comparative  dciisiUes,  Iroffl  other  circum- 

ttSDCCS, 
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<taTicr<,  their  hardness,  orapftct  appearance,  susceptibilityd 
poliiih,  and  weight  in  the  hand.  ] 

The  case  is  wiiliily  different,  when  we  attend  to  the  restilcsjj 
the  common  method  contained  Id  Column  IX.  Here  the  »pri 
eific  graviiy  ofchalk  is  rated  at  3.4i)8,  which  exceeds  coiuid^ 
ably  that  nf  a  mnjority  of  the  result  tried.  Thus, it  would  af 
pear^  by  this  method,  that  chalk  has  become  light«r  by  i 
experiment,  in  defiance  of  our  senses,  which  evince  an  inciti 
of  density. 

This  singular  result  arises,  I  conceive,  from  this,  that,  i 
■pccimens,  thi:  faculty  of  absorption  has  been  much  moi 
creased  than  the  porosity.  Thus,  if  a  piece  of  crude  c 
whose  specific  gravity  had  previously  been  ascertained  by  il 
common  mode,  and  then  well  dried  in  a  heat  of  212°,  f 
dipped  in  varnish,  >^hich  would  penetrate  a  little  way  into  ij 
Wlrface  ;  and,  the  varnish  having  hardened,  the  chalk  i 
weighed  in  water,  it  is  evident  that  the  apparent  tossof  weigU 
would  now  be  greater  by  93,6l  perfm/.of  the  drj"  weight,  thi|| 
it  had  been  when  the  unvai-niahed  chalk  was  weighed  in  water] 
because  the  varnish,  closing  the  siiper6cial  pores,  would  quild 
prevent  ihu  aborptioi),  while  it  added  but  little  to  the  weigU 
of  the  ma«s,  and  made  no  change  on  the  bulk.  In  cotnputina 
then,  llie  specific  gravity,  by  means  of  this  last  result,  the  rhd 
would  appear  very  much  lighter  than  at  6rst,  though  its  deDMH 
bad,  in  fact,  been  increased  by  means  of  the  varnish.  1 

effect  seems  to  have  been  produced  in  some  m 
these  results  by  the  agglutination  or  partial  fusinn  of  ]iart  of  da 
subbtance,  by  which  some  of  the  pores  have  been  shut  out  Crod 
the  water.  j 

This  vic-w  derives  some  confirmation  from  an  inspec^on  ■ 
columns  VI.  and  VH. ;  the  first  of  which  expresses  the  abj 
sorption ;  and  the  second,  rhat  result,  reduced  to  a  per  Ccn/aN 
of  the  original  wei^t.  It  there  appenrs,  that  whereas  chaB 
absorbs  23. 97  prr  venl.,  some  of  our  lesulls  absorb  only  0.^ 
orsolow  asO.  llpfr  fcW.  So  that  Ihc  powerof  absoplion  htd 
been  rcciuced  from  about  one-fuurib,  to  less  than  tb«  five  haM 
dredlh  of  the  woiyhl. 

I  have  nieasumd  the  diminution  of  bulk  in  many  catcit,  pai^ 
licularly  in  that  of  No.   II.     The  chalk,  when  cmde, 
the  T'^lh  di-gree  of  Wedgwood's  gage,  and  shrunk  so  much  li 
ring  the  uperiment,  that  il  ran  to  the  Itilst;  the  differenc 
•inounti! 
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',  I  find,  thai  Wedgwood's  gage  EnpliiiiBi 
3  of  the  scale,  to  ( 


ninting  to  86  d^rees. 
taper*  in  breadth,  from  0.5  alttiu  i>i  lucstuu,  lu  v.o  ai  ""--j^.g^.  ;_ 
SVJlb  degree.  Hence,  «c  have  for  one  degree  0.0O0S33.  liei.lic. 
Conscquenlly,  the  nidib,  at  ihe  75ih  degree,  ainounis  to 
0.437525;  and  nt  the  l6bt,  in  0.365887.  These  numbers, 
deaeling  ihc  linear  measure  of  the  crude  chalk,  and  of  its 
result  under  heal  and  compression,  arc  as  100  to  S3. 8  ;  or, 
in  solid  bulk,  as  100  lo  3",5.  Computing  ihL-  densities  from 
this  source,  they  arc  as  1  to  1.73.  The  specific  gravities  in 
tlie  Table,  of  the  chalk,  and  of  this  result,  are  as  1.551: 
2.435  ;  that  is,  as  1  to  1. 57,  These  conclusions  do  not  cor- 
respond ^ery  exactly ;  but  the  chalk  employed  in  this  experi- 
ment, was  not  one  of  those  employed  in  determining  a^-erage 
specific  gravity  in  theTubie;  aud  other  circumstances  may 
ha»e  contributed  lo  produce  irregularity.  Comparing  this 
dialkwith  result  second,  we  have  1.551  : 


:  2.575 


3  1  ;  I.6fi02. 


P»T. 


No.  II.— TABLE, 

;    REDUCTION    OF    THE    FORCES 

ip.  vii.  TO  A  coiannjTr  standai 


Depth  of 

fcec. 


1708.05 
1 708  05 
0693.53 
56*93.53 
5693.52 
5693.53 
5693  53 
2196.57 
«y3.U 
8S96.12 

l70S.0.i 

a;77.+i 

2S46.76 


0,3335 
0,323^ 
1.U783 
1.0783 
1.07f3 
1.0783 
1.0763 
0.4  IOC 
0.8S20 
1.684^1 
0.3':3.^ 
0  431;; 


51.87 
51.87 
172.92 
172.92 
17295 
172.93 
172.92 
66.71 
133.43 
270.19 
51.S7 
69.70 
S6,46 


Vut.  XIV.— Auoi-'ST,  iS06. 
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Erpf anal  ion. 

if  Column  I.  CMilains  the  number  of  the  experiment,  M  reft 
red  to  in  the  tcxi.  Column  11.  The  bore  of  the  bami  u»ed, 
decimals  of  an  inch.  Column  111.  The  abM))ute  force  appltl 
to  the  barrel,  in  huridi'ed-weiglits.  Column  IV,  The  tcmpcn 
lure,  in  Wedgwoud's  scale.  Column  V.  The  depth  of  • 
nt  which  a  force  of  compression  nou)d  be  exerted  equal  ti 
SUItained  by  the  ctirbonate  in  each  esperiment,  expreiaed 
feel.  Column  VI.  The  same  in  miles.  Cotuiua  Vll.  Coi 
pressing  force,  expressed  in  atmospheres. 

Both  Tables  were  compuleil  separatsljr,  by  a  friend,  Mr. 
Jardinc,  and  myself, 

Tbc  following  data  were  employed: 

Area  of  a  circle  of  which  the  diameter  is  unity,  0.7B3S9 

IN'eight  of  a  cubic  fool  of  distilled  water,  accurdiiig  to  Pi 
fessor  Robison,  998. T'V  ounces  aToirdupois, 

Mean  specific  gravity  of  sea-water,  according  to   Blaj 
1.0272. 

Mesin  hcighth  of  the  barometer  at   the  level  of  the  1 
29.91196  English  inches,  according  io  Laplace, 

Specific  gravity  of  mercury,   accoidiag  10  Cavendish  m 
firisson,   13.56a. 


III. 


Cpedment  of 


I 


Catalogue  cf  thirty-one  Specimens,  sheteitig  Ihc  Hetult  of  S 
.     James  Hall'*  ETpcrimeiifs  on  the  Fffrcls  of  Beat 
fed  bi/  Comprcisitm  ;   which  nrrc  depaiited  hy  kim  M  1 
Britith  Museum,  en  tke  USth  of  June  I8O6. 

jVuMBERS  1,  2,  3,  4,  .1,  6,  and  7,  were  all  producod 
'sepdrate  e.vpcHments  from  pounded  carbonate  of  lime. 

Number  1,  was  obtained  in  1799-    Iti^ialinn  stoDe, 
'asmaitblowofahammer  to  breakit.  It  was  eiiclofwr 

Uidge  of  paiier,  lUe  mark  of  which  it  still  bears.     Th« 

*  ComiQiuiicatcd  to  the  editor  by  the  a 


irsciMEvs  OF  sin 


ALLS  espehimehts. 


3J| 


kjcElill  harder  and  more  compact,  approaching  neaily  in  tliese  Rpceimeni  et 
qualities  to  common  linir.>toiic.     Number*  2, 4,  and  7.  possoaa  ^"    '  j  (j, 
».  degree  of  seiiiitratisjHMviicy,  most  remarkuble  in  Number  4.  (irou);  hi  * 


proachinglo  ihntof  beeswax  and  marble.  Tbeir  colours  areJu 
Vftriuusly,  [hough  ilighlly,  tinged  wilh  yellow  and  blue.  In 
particulnr  Number  3,  which,  though  produced  from  common 
while  chalk,  resembles  a  yellow  marble.  Numbers  3,  5,  and 
6,  have  taken  a  tolerable  puliUi.  Number 7,  contains  a  shfU 
iotroduci-'d  along  with  liio  pouiiJed  challt,  and  now  closely  in- 
corporated with  it.  ■  Ai'jiig  wUh  Number  3,  is  a  specimen  (A. 
3.)  of  common  yellow  marble,  bearing  a  strong  reacmblance  to 
Ihc  artJKcial  slone. 

Numbers  8,9,  10,  and  11,  all  formed  from  pieces  of  chalk 
exposed  unbroken  to  Jicat  ami  pressure.  Number  8  is  re- 
markHblc  fur  a  shining  giuln  and  s  emit  ran  spurency. 

Numbers  9  and  )0,  shew  parallel  planes  Uke  iniernol  strati- 
fication, which  has  often  appeared  in  calk  in  cunsequcnce  of  the 
action  of  heat,  though  nothing  uf  the  kind  could  be  seen  in  the 
palivc  mass.  Number  11,  Tery  compact,  and  of  ft  yellow 
folour. 

Norabcrs  IS  and  13,  examples  of  ivelding,  in  which  the 
pounded  chalk  has  been  incorporated  with  a  tump  of  chalk 
upon  which  it  had  been  ramitied,so  that  their  Joining  ishacdiy 
visible  in  the  fracture. 

Numbers  14,  15,  and  l6,  shewing  the  fusionof  the  carbonate 
■veil  advanced,  with  a  considerable  act  ion  on  the  porcelain  tube. 
In  Number  15,  the  r»<l  of  chalk  js  half  melted,  and  a  yellow 
substanco  produced  by  a  mixture  of  the  carbonate  with  the 
porcelain.  Number  iG,  is  a  lump  of  chalk  in  a  state  indicating 
Mt^ncss,  a  piece  of  porceltun  which  lay  in  contact  with  it 
having  sunk  a  little  into  the  substance  of  the  carbonate. 

Numbers  17  and  18,  and  all  the  following  numbers,  being 
delicate,  are  enclosed  Jn  tubes  of  glass,  and  Haed  with  sealing- 
wax  on  little  cups  of  wood.  Number  17,  formed  from  pounded 
chalk,  shoM's  in  one  part  the  most  complete  formation  of  spar, 
with  iu  rbomboidal  fracture,  I  have  ever  obtained.  The  car- 
bonate having  lost  Eomc  of  its  carbonic  acid,  had  crumbled  so 
much  in  its  esseoiial  parts  by  the  action  of  the  air,  that  the 
c  rye  tall  ixation  was  no  longer  visible,  and  1  had  given  up  the 
S  i  2  specimen 
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,flpe"i«M0f    Bpeciraenfor  lott,  til!  tomatimo  in  July  1804,  when  eraplojtf   I 
♦■*"'"°"»*'*« in  examining  iheie  renilu,  in  order  to  show  tbcm  in  ihe  Hoyil    ' 
'  alrong  hex        Society  of  Edinburgh,  a  mass  of  the  c«rbAnate  broke  in  t«^ 
*idBr  romprei-     J  exhibited  the  fracture  now  before  us,  nearly  in  as  tpoii 

nan.  by  Sir  ■  .  = 

nsi  Bill.  Statu  as  it  was  originallj'.  I  immediately  enclosed  it  in  a  glai 
tube,  and  ipaled  it  up  with  wax  ;  so  that  I  have  hopes  of  preKn- 
ingit;  and  it  still  continue!  iniirc,  thous^i  now  sealed  up  Mr  a 
year  and  a  half.  Number  IB,  likewise  from  pounded  chafk,  a  ' 
perfectly  fresh  and  intiie,  though  made  more  than  (wo  yean 
ngo;  it  shows  some  beautiful  clear  crj-slals  oi  tpar  in  patallel 
plates,  but  they  are  to  small  a»  to  require  the  use  of  a  glau. 

Numbers  ig,  SO,  and21, ^howexamptee  of  fusion  and  actkm 
on  the  lubet.     In  Number  19,  a  shell  is  finely  united  toieme 
pounded  chalk.     In  Number  30,  the  mass,  orif;inally  ofpouiuM 
chalk,  U  sinking  upon  il^ulf,  and  acting  at  the  same  time  npoa 
tbe  tube  ;  the  fracture  of  the  carbonate,  in  its  pure  parts,  she** 
ing  brilliant  faccttes  of  crystallization.     In  Number  31,  Ae 
cnrbonata  in  a  i-tatc  like  the  last ;  the  compound  of  porceiiia 
snd  carbonate  shewing  its  liijuidity  by  pcnetruting  the  tube.  »    ; 
ns  to  fonn  a  di>.tinct  view  of  a  dark  colour,  and  then  tpreadhig    . 
on  itsoutKideto  a  considerable  extent,  terminating  with  tht    | 
black  line,  alluded  to  in  the  account  of  the  experiments. 

Numbers  22,  33,  and  9*.  pivo  proofs  of  intire  fusion.  Il 
Number  20,  we  set?  two  porcelain  tubes,  enclosed  for  proem* 
Uon  in  a  glass  tube ;  the  end  attached  to  the  little  wooden  cnp  ' 
must  be  held  dojvnwards,  to  show  the  position  in  which  the  ei- 
perimcnt  was  mude.  The  innermost  porcelain  tube  stands  1 
nith  its  mutsic  upwards,  and  the  outermost  cmets  it  in  die 
inverse  pasitiun.  The  ciirbonale  was  contained  in  the  inotr 
tube  during  the  action  of  heat :  the  barrel  failed  suddenly,  *M 
the  carbonate  has  boiled  over  the  lips  of  the  inner  tube,  aa' 
ning  down,  as  hrrc  appears,  almost  to  its  bottom  :  thus  prov- 
ing, that  immedialHy  previous  to  the  failure  of  the  apparatus, 
tbe  carbonate  had  been  in  a  liquid  slate.  Number  23,  two 
mases  of  carbonate  welded  together  in  a  complete  state  of  Antk, 
Tbe  substance  shining,  and  semitransparent. 

Number  24,  tivo  separate  ma»es  exposed  logcih«r  tob 
one  from  pounded  chalk,  now  in  a  state  quite  like  the  kM,  Ai 
other  put  in  as  a  lump  of  chalk  dressed  flat  at  both  trn 
letter  cut  at  each  end  (as  doDC  in  many  of  the  expetinmtt). 

It 
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;ii in  ashimnp  and  almoBl  transparent  stall-;  at  one  end  theSptciniensor 
U  form  and  iho  Icttrrare  alill  visible  ;  the  ^iher  end  is  com- 1°^^^'^'* 
letely  rounded  iti  fusion,  nilh  a  glauy  snifnce,  *  itrong  heit 

Nunibpr25,  slii-'ws  the  stili'tance  produced  by  the  combina-,*,,.  by^r 
m  of  carbnnaie  of  lime  with  pure  lilex.     Pan  of  the  porcelain  Jii»es  HdL 
ibc  in  this  Bpecimen  is  filled  with  pounded  silex ;  which  having 
very  feeble  uggluiination,  is  supported  by  some  sealing-wax, 
<B  ihe  silex,  during  the  expenment,  had  lain  sotnft  carbonate 
lime,  the  lower  part  of  which  had  united  with  the  silex, 
Incinsasomitraniparcnt  siilstancc,  with  a  delicate  tinge  of 
e  tcnnination  of  tliis  compuund,  as  it  had  advanced 
ivardt  into  the  silex,  shews  the  round  and  roammillatcd 
rm  of  chalcedony. 

Number  26,  result  of  an  experiment  witli  heat  and  com- 
ession,  made  July  C2,  1805,  with  some  pure  csrbunutc  of 
oe,  prepared  by  Mr  Ilatchett.  The  carbonate  was  enclosed 
Bsmalltubeof  platina,  and  ivas  thus  scared  against  all 


KltmberSr.  result  of  an  experiment  made  likewise  in  platina, 
pithafrainnent  cfaperriwinkle-ahell :  the  form  of  the  shell  is 
till  viuble,  lhou!;h  the  subalancu  is  glazed  by  scmifusion. 
Along  with  it,  on  the  same  stand,  is  a  small  drop  like  a  pearl, 
fbimed  by  the  intire  fusion  of  one  of  llie  fragments  ;  and  a 
wrlion  of  a  shell  uf  the  same  kind,  in  its  natural  state,  is  in- 
iCrodnced,  in  order  to  show  what  change  had  taken  place  during 
^experiment. 

Number  28,  is  a  specimen  of  coal  produced  from  horn  ;  it  is 
ft  ihioing  black  substance,  exactly  rciembling  pitch,  or  black 
yealiug-wax  :  it  was  formed  in  a  low  red-beat,  and  in  circuiu- 
■taoces  of  compression ;  by  which,  white  some  of  the  volatile 
parti  of  the  original  were  allowed  to  separate,  others  were 

^tetuned.  It  has  thus  acquired  a  jci-bltick  colour,  while  it 
fetains  its  inflammability,  and  bums  with  bright  flame. 
Nm»ber  29.  likewise  produced  from  an  animal  substance, 
Awincl.  In  this  case,  none  of  the  compound  parts  of  tho 
oiiginal  substance  seem  to  ha^'c  separated  from  it,  owing  cither 
to  Usa  beat  or  greater  closeness,  than  in  the  last  case.  The 
consequence  has  been,  that  the  original  colour  has  undergone 

^Inuch  less  change,  being  of  a  yellow-red.     At  the  same  time 
(lie  substance  has  been  in  a  state  of  fusion,  and  has  assumed  a 
polish 


I 
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bpec^imcuof    pelith  by  moulding  itself  on  the  glats  into  which  it  bad  bMg 

^^^'^""  prcued.     This  result  scc'i»&  to  bear  some  anftlogy  to  the  sufc| 

•trong  hati        stanCP  culled  rcsinupbaltum,  <lescribed  by  Mr.  Hatcbt^tt.       . 

fi!lit  hy  Si?'*''      ^'u™''^''  50.  is  »  piece  of  wood,  parliaily  converted  into  cmJ 

JuDEt  H»U.       by   heat   and    comprestinn.       In   some  parts,    tbe   tubataad 

eniirclvreMmbles  pilch,  being  full  of  lurge  and  shining  air  bulesj 

in  others,  tbe  fibres  of  the  wood  arc  still  distinctly  visibU.     V4 

whole  isjei-blftck,  and  bums  with  a  bright  flame.  J 

Number  31,  is  a  specimen  of  the  substance  like  wool,  fbmit^ 

in  seferal  of  these  experimenli  by  tbe  exudation  of  the  fusibll 

metal  through  the   barrel  of  iron,  tbe  metul  in  a  liquid  sad 

spouting  to  a   considerable  dislante,  and    depositii^    tbil  SU^ 

sinnce  upon  any  obstacle  opposed  to  the  stream.  ^ 

1 

IV. 

Eeumeration  oftn'cral  Cnset  afShipt  ahici  hate  ietfi  •truel  m 
Lightning;  thciletlrvclirt  Fjfccu.rcing  actediita  Xtrtict( 
DilfClion  toicorilt  thr  Centre  of  Ihr  Earth,  and  Mevtr  horixoi^ 
taUg.     InaLtttcr/ro'n  JMiEi  HoaSBWROu,  Eiy.        ^ 

To  Mr.  NICHOLSON,  ' 

SIR,  fFalnwlh,  Jufy  e,  1&Q&.  \ 


SIR,  fFalnwIh,  Jufy  e,  1&Q&.  i 

JL  HAVE  taken  the  liberty  to  enclose  some  remarks  on  afei 

ledg2 


ships  that  have  been  struck  by  lighlniog.  I  was  induced  to  St 
so,  because  it  has  Dcver  come  within  the  reach  of  tny  know  ledgl 
that  the  yards  of  any  vessel  have  been  injure!  by  lightning. 

It  may  be  probable,  that  the  electric  matter  n 
horizontal  ilirc_ctioD,  destructively.    But  I  must  own  that  I  ba,ii 
little  knowledge  of  the  subject  here  mentioned.     And  it  I 
principally  to  point  out,   how  t-eldom  the  yards  of  »hips  uf 
injured  by  lightning,  tliat  I  have  taken  this  liberty,*     If  yoi 

*  Authentic  facts  seldom  fail  to  afford  instructions  10  those  nM 
ences  which  ore  grounded  iinnit!diately  ou  experiment.  Th>t  iki^ 
jards  of  ships  are  seldom  or  never  injured  by  lightning,  appears  n| 
arise  not  from  their  horizontal  position,  but  iVom  their  lying  out  4I 
the  circuit  or  immediate  path  of  the  lightuiug  irou  the  douda  to  ttM 


« 
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^ink  aoy  part  of  these  remarks  dnsf  rving  of  a  place  in  yoQl 
valuble  Journal,  you  will  greatly  oblige 

Your  most  obedient  servant. 

JAMES  HORSIiURGII. 


^1 


I 
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P.S,  It  raaybeobscrved,  that  ships  navigating  in  seasor  places  Dreadful  cmi- 
where  lightning  is  frequent,  iliould  be  careful  to  place  no  cargo ?^"'''?"'°f 
of  an  inflammaiory  nature  nearlhe  masts  j  fur  llie  electric  matter  ducrted  by 
is  frequently  conducted  by  them  into  the  hold.     This  happened  ■1"P''"»»»'^ 
to  the  King  George,  in  Canton  River  :  and  a  lew  years  ago,  the 
Royal  CharloiEe,  with  all  her  crew,  were  blown  to  atoms  :  thit 
happened  at  Diamond  Harbour,  in  the  river  Hooghley,  during 
ft  night  when  much  thunder  and  lightning  prevailed.     She  had 
a  great  quantity  of  gun-powder  placed  forward  in  the  hold, 
(said  to  have  been  stowed  close  furward  around  (he  maat),  and 
it  was  supposed  that  her  foremast  had  been  struck  by  lightning ; 
which  probably  was  conducted  by  the  mast  into  the  hold  among 
ihe  gun-powder,  and  produced  the  dreadful  explosion,  whick 
ynti  heard  at  a  great  distance,  and  Ibe  concussion  felt  several 
miles.     Very  few  fragrnenis   of  [he  ship   were  visible    next 
noming. 

Enumeration   of  Siipt  struck  by  Lightning,   ^e. 
In  June  1792,  returning  from  China  by  the  Mindora  passage,  Tlie  roasts  of 
in  the  Anna,  when  we  were  in  latitude  13' N°,  and  about  j^^^^'^''-^. 
S^' from  the  weit  coast  of  Lucunia,  a  Sf[uall  of  wind  from  thejuted  byliglu- 
south-west  was  experienced,  followed  by  heavy  rain,  with  much 
thunder  and  hghtuing.     At  this  time  a  loud  ej:plosion  burst  over 
die  ship,  the  lightning  first  embracing  *  the  pole  of  the  main- 
top-gallant-mast,  tore  it  and  the  mast  into  small  fragments,  in 
its  passage  downwards:  thcnembracing  tbeheadof  the  top-mast 
in  its  descent,  tore  it  into  pieces.     From  the  tupmast,'  it  con- 
tinued  its  direction  down  the  mainmast,  on  one  side  of  the  mast, 
tearing  away  the  hounds,  and  injuring  the  mast  greatly,  parti- 
cularly where  there  was  any  iron-work.   About  eigiu  feet  above 
the  deck,  the  electric  matter  was  attracted  &oni  the  main- 

•  I  suppose  ihe  word  "  embracing  "  to  denote  the  visible  passage 
of  the  li^tnint  as  it  lurrounderf  the  parts  here  and  elsewhere 
^ken  of.— N. 

mast 
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tnait  l)y  a  Urgp  iron  thimble  nuur  it.  which  was  fixed 
mizen-^tAy  :  iLis  thimble  it  »carcbed  black,  ond  cut  a  pHtr 
the  stuy ;  Irom  wliiiMre  its  direction  waa  no  laiigci  prece^blt. 
The  greuFil  All  the  parts  oi  the  topmast  and  top-giillsiil-lnai<I,  wlilch 
ElTt'creTbut  wrapped  and  greased,  «ere  split  into  ;i  ihuiteai.d  pi««i 
thehlailttfd  neither  ihe  heads  of  ihcijc  musts,  tior  Hie  cap,  where  Uwy 
■ninjur^'^  Covered  wilh  blacking,  received  aiij  injury.  None  of  the  yards  i 
The pinli  n-erc  which  wpre  fixed  to  the  m aits,  four  in  number,  received  tbft  J 
'"''  '  tmall«!it  damage  Ijom  the  lightniiie,  mir  uiiy  uf  ibo  saiii  touched  ' 
by  it.  Tour  men  which  ucrc  sitting;  under  lh«  lo|>,  to  shdier  % 
tliemsclvei  from  the  rain,  bad  the  bttir  of  thdr  head*  and  ey^  ' 
brows  a  little  singed,  but  recnvcd  no  turiher  injurjr.  Thcctiea  J 
of  this  ligbtiiing  Hppearod  to  bo  a  pure  w  hiie.  4 

Tbenikia'  In  June  I78S,  a  fmm,  in  Bombay  Harbour,  belonging  la  < 

ni^disbov-    '''^  Honourable  Ea*t  India  Company,  urns  struck  by    light- 
'ning.      It  embraced  the  moin-tiipmast    hrul,  mil  that  malt  < 
in  pieces,  nnil  the  mninroa'tt  »ns  split  Irom  head  to  heel,  ami  * 
rendered   unseniceablc ;  uliiKl  the  ninin,  and   main-tppiftfl  I 
yards  that  were  fixed  alott  on  the  inft&ls,  did  nvt  rccdn  Hjr  < 

In  July  or  August  175l^i "  ^I'ip  from  Bombay,  bnund  toChipK,  1 
was  struck  by  lightning  in  Malaccn  Strait,  neur  I'rince  uf  Wale* 
Island.     It  embraced  the  maatv  foi^vard,  and  destroyed  them:    ' 
but  none  of  Ihe  yard j  which  were  fixed  on  these  ma^ts  tccnvtd  - 
any  injury. 

About   September  1793,  the  Kinc  Georee,  a  Urge  sirip.  ^ 
belonging  to  Bombay,  proceeding  upCanton  River,  was  4n>tk  ' 
by  lightning.     It  embraced  the  forC'top-pallanl-mast  hni,  ' 
shivered  the  masts  in  the  fore  part  ofthc  jhip,  killed  thepeo]^  ' 
in  the  fore-tip,  and  some  of  ilmse  on  deck  which  stood  near 
iheforcmaU.     Althongh  thefore-lopmastand  lup-gHllant-matt  1 
weremiTch  perfomled  by  the  lightning,  and  in  danger  of  tnmb-  1 
ling  down,  none  "f  the  yards  were  injured.  The  electric  roBlt«r 
was  conducted  by  tlio  foremast  into  the  hold  intperceptihij;  I 
for  no  traces  of  it  were  visible  wliere  it  penetrated  below  th«^ 
deck  ;  ooiwilliBianding,  when  no  dnn^r  was  nppiTbended,  ih's  } 
ship  ttus  perceived  to    be  on  lire  fiiiwsrd.  nU>ut  seven  liotm  ^ 
The  lightning    alter  tha  was  Struck  by  the   liRhinini;.     Tkm  was  stowed  is  1 
Mu  JmiiJistaw-  '''*  hold,  near  the  foremnsi,  oliban^im,  myrrh,  and  sandlewoodr^ 
•d  nesrtha       the  oUbanum,  btin'  an  inHawmatury,  rciinous  suteuuicc,  w«i 
ibieniui.  * 
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^611  fife  by  the  electric  mntter ;  and  the  fire  communJcated  ■ 

ftoin  it  to  the  iandl^nood,  j.laced  in  a  Urge  quantity  over  the 
^tiflii\iin  ;  which  had  produced  a  great  mass  of  fire  in  the  hold 
before  it  was  discovered,  when  it  forced -it self  ihruu^h  the  decks  The  ghip  tsv 
and  burnt  iht  ship  to  the  nratet's  edge,  although  every  exertion  "«>*™T'^' 
was  made  to  save  her. 

In  Aueust  1804,  the  Bombay  frigate,  helcnging  to  the  Hon-  Th*  RomUy 
Durable  East  India  Company,  a  I  "anchor  in  Malacca  Road,  ^','7^' ^^*[^ 
was  struck  by  lightning.      It  embraced  the  centre  masts  of  the  and  hrr  taiU 
ship,  and  rendered  the  mainmast  unserviceable ;  alihoueh  iheJJ*  ""^^^^'jj*' 
yaids  received  no  injuiy.     The  tails  were  set  on  lire  by  the  duoBied. 
li^Uning,  notwilhstanding  they  were  wet  by  the  heavy  rain 
which  continued  to  fail  at  the  lime,  and  assisted  the  exertions  of 
thecrew  in  extinguishing  the  fire. 

In  July  1 8V4,  the  ship  Pa^e,  at  anchor  in  Malacca  Road,  ship  Page  had 

naa  struck  bv  lightning.     It  first  embraced  the  fore-top-nallaiit-  ''•'"■^, 

-    o         o  r  n    ■  •     grsgtiy  injiir- 

tnasi  head,  shivered  ibis  mast  and  the  fore-topmast  in  pieces,  cdj  Imtoot 
Mad  continued  its  vertical  direction  down  the  foremast,  tore  and  ^"  V"'^*- 
rent  it  greatly,  without  injuring  any  of  the  yards,  which  were 
fixed  across  on  these  ma^ts.  Tbi»  happened  a  little  after  mid- 
sigbl ;  at  which  tirpc  we  were  about  thirty  miles  distant  from 
Malacca,  and  perceived  nmcli  distant  lightning  in  the  direciioa 
of  it,  although  none  prevailed  where  we  were.  On  the  following 
■ugbt,  there  was  a  hard  squall  from  the  coast  of  Sumatra,  with 
nucli  thunder,  lightning,  and  rain.  The  lightning  thia  night 
was  very  vivid,  accompanied  with  a  loud  hissing  noise  over  th« 
lawu,  but  fortunately  it  did  no  damage  during  the  night, 
«xccj)ting  tliat  ihc  flag-staS  of  the  fort  (in  the  morning)  was 
found  injured  by  il. 

In  September  1804,  ihe  ship  Ardassier,  at  anchor  in  Malacca  The  a 
Kusd,  had  her  main-tupmabt  and  top -gallant- mast  destroyed 
by  lightning  ;  but  none  of  the  yards  or  caps  received  injury. 

In  Se^''"DbeT  IS02,  the  ship  Daniel,  distant  from  Malacca  Ghip  Daaiel'* 
about  niii-  ur  ten  miios,  had  her  fore-topmast  and  lop>£allanl-  tc^^'i''on'fl« 

mast  >^ _,ed  by  lightning,  during  a  stiuall  of  wind  and  rain,  by  Jigbtniug  j. 

The  topsail  and  lopma»i  rigging,  although  wet  with  rail 

let  on  life  by  the  lightning ;  and,  with  the  topmast,  were  cut 

uray  to  save  the  ship.     The  yards  were  not  injured  by  the 

lightnii^. 

Vot.  XIV.— Avcrsi,  1806.  Tt  Hi» 
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His  Mftjmy'sshi|iTri<)pnI,  in  India,  (nboQl  I80S),  loItbc^ 
InK■^-topmast  and  top>gallEiat-miul  by  lightning.  Tbe  yatii  \ 
received  no  injury. 

There  8ie  at  times dangeroas  lin^itnings  near  the  C^w  of  Good 
Hope.  A  few  years  ago,  the  Honourable  East  India  CompanyH 
ship  Britannia,  reluming  home  from  Bengal,  was  ftrnck  by 
lightning  near  ihe  Cape.  Ii  lodged  in  the  centre  of  the  foremafl 
tnd  Htfire  to  it,  whilst  lying  to  in  astonn  :  the  •iolence  oflbe 
flames  was  soon  so  great,  that  it  was  found  impossible  to  «xiiii- 
guirfi  them  ;  and  the  only  remedy  left  lo  save  the  ship  and  crew 
from  inevitable  destruction,  was  to  cut  away  the  burning  fore- 
mast, vhich  was  elTcclcd  ;  then  it  fell  cleat  of  the  ship,  onr 
her  lee,  in  «  body  of  fire. 

The  Honourable  East  India  Company's  ship  Bombay  Caalle, ' 
^  about  IBOI.  returning  from  China,  wasstTuck  by  lightning  neat 
Algoa  Bay,  to  the  eastward  of  the  Cape  of  Good  Hope.  The 
lightning  entered  into  the  bead  of  the  foremut,  and  descendiD|, 
without  making  any  visible  perforation,  bur^t  out  m  fire  t»«r 
the  centre  of  the  mast,  below  the  ntiging.  Every  exertion  was 
made  to  extinguish  the  fire,  without  effect :  the  mast  wu  then 
cut  away,  which  saved  the  ship. 

From  the  foregoing  obser^'ations  on  thips  whicJi  have  been 
rtnick  by  lightning,  it  may  be  remarked ;  !sl. — That  it  epptwi 
always  to  embrace  one  of  ihe  mastheads  at  first,  and  descends 
downwards.  2d, — That  the  parts  of  masts  which  are  covered 
with  tar  and  blacking,  are  not  so  liable  to  be  rent  by  the  light- 
ning as  the  parts  nhere  they  aro  clean  scraped,  or  scraped 
and  covered  n  ith  tallow,  3d. — That  the  yards  ar«  seldom  or 
never  damaged  by  lightning ;  although  ihc  masts  to  which  ihey 
art  fixed  may  be  rent  into  pieces  by  it.  Whether  it  may  be 
owing  to  (he  horiEontal  portion  of  the  yards  across  the  masts, 
or  their  being  covered  with  blackii^,  or  a  coat  of  black  paint, 
that  is  the  cause  of  the  lightning  not  injuring  them,  whentbe 
masts  are  destroyed,  must  be  left  for  those  skilled  in  electric 
I^momeua  to  determine. 


trtttr  from  G.  S.  Gibbss,  M.  D.  thming  tiat  ikt  Bath 
n'alert  contain  a  much  greater  Portion  of  Iron  than  iai 
hitherto  been  tupposed. 

To  Mr.  NJCHOLSOX. 
SIR, 

X  BEG  leave  to  send  you  an  account  of  some  experiments  I  The  und  tint 
have  lately  made  on  the  Bath  waters ;  and  as  the  ivsull  ap-  gTu"'!'?,''" 
peara  to  me  singular,  I  cuij)d  wisli  tu  know  wliether  any  cir- ruuuin;  imnia 
cumstance  of  the  same  kind  occurs  els«!where.  '^''  P""*-^'"- 

It  is  wdl  known  that  many  black  particles  are  ^tiixed  with 
the  s^d  which  is  brought  up  by  the  waters  of  Bath,  which 
particles  «re  attracted  by  the  magnet. 

I  have  lately  evaporated  large  quantities  of  the  Qath  waters,  And  >o  like. 
and  I  have  obtained  a  ercat  deal  of  ihcir  solid  contents.  Upon  ™f,'''*"L" 
rxsminiDg  with  a  microscope  ilie  dry  residuum  thus  obtained,  witcnu 
I  find  numberless  black  particles  interspersed  through  it,  end 
from  the  circumstance  of  the  magnet  acting  on  those  in  the 
■and,  1  was  induced  to  present  the  magnet  to  the  black  par^* 
cles  of  the  residuum  obtained  by  evaporation  front  llie  water. 
The  result  WIS,  that  the  magnet  acted  very  forcibly  on  these 
Uack  particles.  By  passing  the  magnet  through  the  powdered 
residuum,  il  became  charged  with  these  particles  of  Iron;  and 
by  brushing  them  off  from  the  magnet,  and  again  presenting 
them  to  its  influence,  they  were  again  acted  on  by  itr  and  roM 
to  tlie  magnet  from  a  considerable  distance.  1  repeated  the 
citperiment,  by  evaporating  twenty-iix  gallons  of  tbe  water  of 
|he  King's  bath,  in  a  brass  vessel  t  and  no  instrument  or  vet* 
kI  wa*  used  during  the  process  that  was  made  of  or  contained 
the  least  portion  of  iron.  I  obtained  SSSZ  grains  of  renduum. 
This  residuum  was  every  where  interspersed  with  biKk  parti- 
cles, and  all  these  particles  were  very  forcibly  acted  upon  bj 
the  magnetic  influence. 

Iron   is  deposited   in  three  different  states  by  tbe   Bath  Tbe  B«h  <va. 
waters:   1st. — It  tinges  the  glasses  which  are  made  use  of  for  f^y^^*;^ 
dnoking  the  water  at  the  pumps,  of  a  yellow  golden  colour,  Cuboaac. 
T  1 2  which 
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which  can  he  Kcr*ped  off.     Thi 
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on  the  tides  and  bniiom  <>f  ih< 
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SaU,  July  ilh,  1S06. 


Leitrr  of  Inquiry  rfsptcling  ti 
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AemwUbIa  X  T  has  always  appeared  to  nu 
■whn'"''[uruir* """"*'  **hen  thrown  into  deep  ' 
•ndutcodo  'ficultyj  but  that  the  human  q 
'°''  into  a  lika  siiualioa,    is  sure  to 
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OK    TBI    AKT   OF   SWIUMIVO. 

e  occasioOBUy  convened  with  many  iotplligent  rcasnnera 
■  bubject,  and  must  Cunfesa  (ha.t  nunc  of  the  obaervations 
;  faeatd  ve  such   as  give  mc  aatisfaction.     Bysome,  itQaettioiu: 
I  been  romarlted,  that  the  superior  degree  of  sensibility  of  J^''^^*'^;,^ 
]  man,   compared    nilh   brutes,    disquahliei  him    frum  fromtError.Dr 
the  proper  exertions  in  a  situation  of  such  novelty  and  jiJj,i"^^^iM 
[  and  others  have  adverted  to  the  very  great  diderence  artapted  m 
11  the  ordinary-  habits  of  fjuadrupeds  and  men ;  the  former  *"""""* 
ng  only  to  prrform  their  usual  process  of  walking  nhen 
e  water ;~  whereas  a  man  niu!>t  adopt  an  unusual  pu^itioa 
wid  actions  in  order  to  sivim.     Neither  of  these  remarks  ap- 
pear  to  me  to  be  well  founded.     A  man  of  the  utmost  courage 
and  determination  on  board  a  ship,  finds  Ibose  powers  of  little 
dTcct  when  he  is  left  alone  to  struggle  without  skill  in  the 
ocean.  And  (hough  in  our  artificial  method  of  snimming,  (taken  Probably  fmH* 
from  the  fr(^,  and  very  unlike  the  methods  practised  by  the  "''''''•■■ 
Asiuiics),  a  man  does  act  very  ditferenily  from  his  manner  of 
walking  when  on  the  land  ;  yet  it  will  nut  be  pretended  that  he 
would  sink,  il  he  vecc  tu  rely  on  bis  ordinary  walk,  as  brutes  do 
upon  theirs.  Upon  various  former  occasions,  I  have  ex|ierirnccd 
your  readiness  to  discgss  such  subjects  as  your  correspondents 
liave  pointed  out.     This  subject  is  not,  I  am  sure,  unworthy  of  ImportaiuAoif 
police,   since  the  most  valuable  lives  might  perhaps  bo  saved,  ""' ""l"''^' 
muruly  by  knowledge  and  information  respecting  an  art  which, 
I  strongly  gus|ject,  has  been  thought  to  require  much  more 
practice  in  its  acquirement  than  it  really  docs,  or  which,  per> 
kaps,  may  be  u  natural  to  us  us  to  other  animals. 
I  remain.  Sir, 

Your  constant  reader,  ^m 

Ohtervalivnt  on  Swimning,  in  Reply  to  the  precetdutg  Letter.  ^H 

W.  N. 
That  the  practice  of  swimming  is  pleasant,  healthy,  and  G'-eu  aifnui- 
kighlv  useful,  will  be  admitted  by  every  one.     They  who  can-  p^t,^  „* 
not  swim,  are  ever  ready  to  deplore  their  incapacity  with  all  its»*i™mios- 
•orious  consequences ;  and  those  who  know  their  own  powers, 
in  that  element  which  so  often  serves  to  convey  us  from  place 
to  place,  must  be  highly  sensible  of  the  case  and  comfort  such 
a  consciouKiest  bestow*.    )t  i*  oot  guiierally  appreh«aded,  that 

the 
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tlie  art  of  swimming  nay  be  learned  almost  at  a  ungle  ttid 
and  that  man  is  excepted  from  the  general  privilege  of  animalj 

cUitj-.  >n  tiiis  respect,  only  from  a  circumstHnce  which  it  is  fully! 

his  power  to  command  ;  so  that  if  a  mac,  who  falls  h 

A  Ota  i>  no     wauT,  can  have  rccollcclion  and  resolution  e 

to'b^i'^Md  ^"8'^  bad  habit  (too  likdy  indeed  to  present  itself; 

ilisi  t&if.  require  do  more  in:>tructiims  to  enable  him  to  save  his  life  ihd 
9.  dog  or  any  other  animal  io  like  circumstances.  i 

I  have  nut  at  [hib  time  in  my  possession  any  writing  on  ifl 
art  of  swimming,  except  the  letter  of  Dr.  Franklin  (LIV.  l| 
the  quartT)  Eaper.  and  Obser.),  which  baa  been  descnedly  kI 
printed  in  many  of  our  periodical  works.  The  Doctor,  in  iM 
account  <.f  liis  own  life,  speaks  of  himself  as  a  firet-rate  swtd 
mer.  lie  asserts  that  he  taught  tlic  art  of  swimnung  to  ayoo^ 
man  nl  tlie  name  nf  Wygaii-,  and  anutber  friend  of  his,  m  M 
fL'Ur-.  i:  ;.  ;e»  hours;  end  ihpt  lie  bad  it  in  contempUlia 
b>  t^iioliliih  a  swimming  scbool  at  London,  in  lite  summer  ■ 
1796.  Ills  pn-thod,  as  described  in  the  letter  before  mcnlkd 
•.I,  ISM  f. Hows:  < 

I  "  Thepracticetmeanisthii.  Chusing  a  place  where  tbe  wMM 
"  deepens  gruiluully,  walk  cooly  i:)to  it  till  it  is  up  lo  yon 
"  bi'ca&t ;  then  turn  round,  your  face  Io  the  ahotc,  and  thlD^ 
"  an  egg  into  the  water  between  you  and  the  shore,  ft  wfl 
*'  sink  to  the  bottom,  and  be  easily  seen  there,'  as  your  waterl 
"  clear.  It  must  lie  in  water  so  dfiep  as  that  you  cannot  reach  I 
"  to  take  it  up  but  by  diving  for  t(.  To  eneowrage  yourself  I 
"  order  to  do  this,  retleci  that  your  progress  will  be  from  detM 
"  to  sLalbwer  water,  and  that  at  any  time  you  may,  M 
"  bringing  your  legs  under  you  and  standing  on  tbe  botlo^ 
"  raise  yourhead  far  above  the  water.  Then  plunge  uDderfl 
"  with  your  eyes  open,  throwing  yourself  towards  the  egg,  ali 
"  eudcavourinp:,  by  the  action  of  your  hands  and  feet  against  ill 
"  water,  to  get  forward  till  within  reach  of  it.  In  this  atlempj 
"  you  will  find,  that  the  water  buoys  you  up  against  your  iof 
"  clination  ;  that  it  is  not  so  easy  a  thing  to  sink  as  you  imai 
*'  gined ;  that  you  cannot,  but  by  active  force,  get  down  to  tbi 
"  egg.  Thus  you  feel  the  power  of  the  water  to  sappon  yoa^ 
"  and  learn  to  confide  in  that  power;  while  your  endeavoui^ 
"  to  overcome  it  and  to  reach  the  egg,  teach  you  tbe  inann4 
"  of  acting  on  the  water  with  your  feel  and  hands,  whie^l 
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action  ii  &nerwards  used  in  swimming  to  support  your  he&d 
above  water,  or  to  go  forward  through  it."  page  474. 
le  Doctor  proceeds  to  make  several  observations  on  the  nr.  FranUin'* 
,ral  tendency  of  the  human  body  to  float  in  ihe  water  ;  att^n^t™" 
fte»ame  time  that  he  advises  his  friend  not  to  trust  to  the  chance  loatageofih* 
that  he  may  have  presence  of  mind  sufficient  to  take  advantage  '"*"""  '^'■ 
of  those  hints  in  a  case  of  real  danger,  but  to  ICarn  to  snim. 
The  iubstanccof  these  remarks  is:  1st. — Thai  the  linibsand  head 
of  an  human  body  are  heavier  than  fresh  water  ;  but  the  tnmk 
is  lighter,  merely  because  the  lungs  are  inflated,  ad. — That  the 
head  is  heavier  than  sea  water;  but  the  limbs  and  trunk  are 
lighter.  3d. — That  a  person  throwing  himself  on  his  back  ia 
sea  water,  will  float  with  his  face  clear,  so  as  to  bre^ithc  with 
ease.  4th. — That  in  fresh  water!  he  legs  will  gradually  sink, 
and  the  body  will  float  in  an  erect  posture.  5Ih. — That,  in 
tbis  posture,  if  the  bead  be  held  in  its  natural  position,  the 
surface  of  the  water  will  reach  higher  than  the  nostrils,  and 
perhaps  a  little  above  the  eyes.*  6th, — That  if  the  head  be 
leant^d  quite  back,  the  nos*  and  mouth  will  be  always  above 
the  water  and  free  for  breathing,  and  the  body  will  rise  and  fall 
on  every  such  inspiration  and  expiration, 

I  ant  rather  surprized   at  tiie  Doctor's  direction  about  the  Thi  Doct 
egg,  and  the  eyes  open  underwater;  because  it  seems  aa  if,"p^^JS^ 
he  thought  the  submerged    enperimentalist  could  see   the  egg,  man  can  se« 
I  know  several  respectable  persons  who  affirm  that  they  can  H.""  *""''■ 
see  objects  under  water  ;   but  as  long   as  we   are  assured  that  trary  to  optical 
distinct  vision  requires  that  light  sboul  dcorac  to  a  focus  on  the  •^'*'"^'' 
retina,  and  that  a  very  considerable  part  of  the  refraction  per- 
formed by  the  eye  is  effected  at  the  convex  surface  of  the 
cornea,  intercedent  between  that  substanceand  the  air,  we  must 
refuse  our  credit  to  audi  assertions.     Besides  which,  experi- 
inenl  will  easily  clear  up  the  matter  to  those  who  know  nothing 
of  optics.     For  every  one  may  prove  by  trial,  with  a  bason  or 
tub,  that  vision  under  water  is  scarcely  more  distinct  than  that 
which  might  be  had  by  Icwking  through  a  quill  or  a  piece  of 
;h  glass. 

When  1  was  a  boy  (in  1770),  I  had  an  opportunity  of  amus<  -^ 

•  I  have  always  found  the  nostrils  below  the  surface,  and  tbe 
eyet  above  it ;  and  1  believe  there  it  do  great  difl^nrence  in  dif^ 
£ereut  persoui,  N. 


loiiBiipe  of  ID  ing  iDN'wlf  by  alternalely  swimmiog  in  a  deep  fVesh-Traii 

^i" il^le     Btreara',  «nd  In  the  sen,  s't  the  Island  of  Joanna,  where  bod 

t«rm  by  ihc      waCen  are  reinnrka.tily  clear,  and  arc  eeparsled  by  a  sbind 

J^«^2^bank.  over  which  the  fn-jh  water  runs  b  a  shallow  •trea« 

oalvr.  The  ground  on  the  sra.  side  consisleJ  of  latge  rolled  ttone* :  in 

09  the  ibtp'i  boat  vaa  then  on  shore  taking  in  water.  1  awsiq 

ia  getting  the  casks  out  of  the  fresh  water  into  the  Ma;  u 

which  purpose  I  had  buckled  roy  shoes  oti  mj  feet.     One  i 

roy  buckles  hapiH'ning  to  get  Ioom',  fell  betwcca  the  stoon  ■ 

about   five  feet  waler,  where  I  saw    it  very  clearly.      Nolhi^ 

seemed  more  easy  tliaii  to  dive  and  bring  it  up  ;  and  tLis  I  dij 

repeatedlji  with  niy  eyps  open.     But  (could  never  see  it  wialj 

my  head  v,ax  under  the  surface:  and  though  1  coniioucd  IM 

eSiirts,  and  remained  obslinali-ly  under  the  water,  feeling  ahoM 

I  object,  apparently  so  well  wilhio  iny  reach,   I  n|| 

i 


obliged  at  Inst  tuabandor 


Ctiol&GriD-  Numberliss  proofs,   iliat  vision  cnnnot  be    pei^ormed   bl 

n^*  "i  k       '^^  human  eye  under  water,  would  have  prevented  my  thinkiig 

where  tin:  eye,  more  on  the  subject,  if  the  assertions  before  mentioned  bij 

DDd^wBter,      not  solicited   ray   attention,   and   led   me   to   make   a   dircd 

eonld  not  ilii-  ^  ,■         ,  ,  T 

Ijn^iihtbe       experiment.      Many   years   after   the  event  at  Joanna,  I  WM 

^'^™^'J'*swiraraiug  ill  the  Harlem  lake.  The  sun  was  almost  setting  ;iM 

the  band  lielit  water  clear ;  and  the  bottom  a  firm  sand,  gradually  deepeniiJ 

■ear  tbe  bee.    f^^  i^g  fhore.     I  walked  onwards  till  the  depth  e.iceedej 

three  feel,  and  then  sat  down  on  the  sand,  where,  con&cquectlyi 

I  was  complftely   submerged,   my   face  being  opposite  thij 

setting  sun.     My  eyes  were  open  j  the  water  appeared  st  ronciv 

illuminated,  but  no  image  of  the  sun  was  to  be  di^iingui-.hi 

On  holding  up  my  hand  and  spreading  the  fingers,  the   haci 

itself  became  discernible  as  an  indistinct  object,  as 

was  brought  within  a  foot  of  my  face.     The  Angers  could  ni 

be  counted  at  half  that  distance,  in  any  other  manner  than  t^ 

reckoning  tlie  successive  obscurations  as  the  hand  was  pussti 

across  the  eyes.     All  other  objects  were   too  confused   to  b« 

TheitOTieiof    discerned  or  known.     Whence  it  appears,  that  all  the   storicij 

divw^  Itc.  not  of  wonderful  divers,  who  could  descend  into[the  sea  and  brui|j 

up  small  objects,  such  as  jewels  and  liiukets,  must  be  cafl-< 

■idered  as  fabulous.  I 

Ht.  Prnnklin'*       Dr.  Franklin's  method  of  learning  to  swim,  byslrugglbg  l» 

^^■^"^      d«WKQd  to  the  bottom,  is  better  calculated  to  give  courage  ihaa, 
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;  Lul  a(  tlie  same  time  it  must  be  allowed,  that  he  who  mim,  jrivw 
b  8C()uire(l  the  rorratT,  will  require  rery  little  of  ihc  laltpr  to  '^""ji^'j^e.  i™» 
I'crtlieless,  remarked,  llint  tlioic 
t  who  were  tho  mast  daring  at  plunging  into  the  watoi' 
pre  they  could  swim,  have  mostly  arrived  at  the  art 
sr  than  others  who  have  altondeil  with  stjme  care  lo  the 
tbod  of  striking  their  arms  and  legs.     I  have  known  several  Metliod  of 

B  who.  after  acjuiring  the  method  of  striking  the  arms  ^j"  ^,''i*_"'* 
wrately,  so  as  lo  haie  gamed  confidence  (o  walk  in  water 
g  above  their  shoulders,  and  of  striking  the  legs  while  the 
body  was  su|ipuried  by  the  hand*  bearing  on  the  ground  in 
^1lallow  water,  have  snam  very  well  upon  the  first  trial  to 
combine  both  together. 

The  rules  for  SHJinming  well,  in  our  method,  that  i:.  to  say.  Short  nil«  for 
swiftly,  and  with  htlle  fatigue,  are  few.  The  body  must  lie  as'*'"^'"*""'^ 
near  the  surface,  and  the  head  as  low  as  conveniently  may  be ; 
{he  knees  must  be  kept  wide  asunder,  in  order  that  the  obli- 
quity of  action  in  one  leg  may  counteract  that  in  the  oilier,  in- 
stead of  their  Joint  action  producing  a  libralory  motion  of  the 
body;  and  the  stroke  or  impulse  must  be  given  with  much 
more  velocity  than  that  employed  in  drawing  the  legs  uj)  again, 
It  is  not  easy  to  make  any  mistake  of  importance  in  using  the 
1  by  imitation  of  other  swimmers. 

n  the  back  is  so  easy,  that  I  hate  several  times  ToBwimoii 
jhl  it  at  the  very  first  trial,  to  persons  who  had  no  previou*  ,r'f,|,^„  eu'iv  •( 
supporting  themselves  in  the  water.      My  firit  care  lira'  Irinl.  How 
was  (o  assure  my  pupil  that  he  might  depend  tliat  Ins  face  ^^^" 
wouKI  continue  above  water  and  not  sink,  when  he  bhould  be 
placed  in  the  horizontal  position,     I  directed  him  to  remain  in 
tbat  situation  quietly,  without  the  least  motion,  until  he  bad 
recovered  from  any  trepidation  or  confusion  of  mind,  and  had 
ttcquiied  confidence  from  finding  that  he  did  not  sink.     He 
wa*  then  gemly  to  move  his  Viands,  In  the  way  of  paddling  or 
skulling,  which,  though  not  absolutely  necessary,  would  insure 
the  support  ofhis  head, and  prevent  his  feet  from  sinking.    And 
lastly,  he  was  instructed  lo  draw  up  his  ]egB  very  gently  and 
etrikc  them  out;    at  the  same  time  bringing  his  chin  towards 
_liis  breast,  to  prevent  the  water  from  flowing  over  his  face. 
c  instructions,  illustrated  with  appropriate  action,   being 
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first  iinpr»si?(l  on  ihp  mind,  I  ihcti  ni^i^itctil  in  supporlmg:  t 
in  us-uining  ibe  hnrisonul  pasture.     The  effects  took  place  M 
deacribfd ;    ibe  learner  found  be  could  iwini,  and  never  >&(■ 
WBrd&  furgot  it.  4 

Aecmntofa         After  Ibis  Inns,  atid  perhaps  garrulous,  accoviat-of  my  exj 
?!!'.",*'!°„^°f„  pwinice  in  an  hit.  t.f  which  the  usefulness  and  value  mayairmJ 


■n-ini,  t^t  ' 
Kipported  him-  very 


iflicient  inte; 

e,  to  introduce  annlher  story 
Lple  instructions  given  hir 
dunier.  The  ship  Worcester  * 
Ihe  Ganges,  in  November  1770. 
empUiyed  in  some  oC'  upation  f 
bi-lievi.'  clearing  hawse),  sli|iped 


i)i()la^i2e  fur  aii^  prolixity,  I  must  taU 
her  story  ^'i  a  inan'b  life  being  taved  U 
he  mrimeiUs  i-f  esireiM 
Dioi^red  off  Ctilpe«,  il 
f  nf  the  men,  who  wfl 
d  about  the  cables  Q 
thti  uatei,  which  1  ud 


sure  was  running  seven  or  ei^ht  knnis  (or  miles)  an  hour,  ^ 
is  very  common  in  that  river.    On  the  alarm  bein^;  given,  i 
of  ihoK  who  were  upon  deck  ran  aft,  where  n 
bead  rise  above  the  wdtei,  at  the  same  lime  that  he-  held  "Of 
both  his  hands,  and,  after  a  few  seconds  aplashine,  sunk  agiiK 


n,  mod 


Soon  altcrwards  he  rase  a 

commanding  officer,  who  had  a  hand  trumpet  in  his  hand,  caU 

—ths  piiiv-ipil  lee*  out  to  him  "  Keep  your  bands  down  in  the  water."    H| 

'tru't"^''i"'      ^"^  ^*'   ^""^  remained  a  conbiderable  time  afloat,  while  oneol 

tra'.takevp  hi«  the  boats,  which  were  rilling  asiein,  was  got  along  side  an^ 

tb^wJar""  '"  '"'""^''  '•  ^''*'  "i"  •*'''='^  "^  ^i'"  retarded  by  a  blunder  bo^ 

too  much  haste,  by  which  the  was  cast  off  without  oats  at 

board.  His  fears  must  naturnlly  have  increased,  as  liis  distanci 

from  the  ship  became  greater  every  moment ;   and  I  suppoa^ 

Ihis  impression  made  him  again  for<^ci  his  newly  acquired  arti 

for  he  renewed  his  elevation  of  hands  and  dakhing  of  the  watery 

and  again  sunk ;  but  soon  rose  again,  and  for  a  short  linf 

obeyed  the  incesi^ant  and  unvaried  instruction  which  wasvnct* 

ferated  to  hjni  through  the  trumpet.   Whenever  he  deviated,  b« 

sunk  i  and  be  had    di^iappcared   in  this  manner  at  least  firt 

limes,  and  had  been  canieil  almost  out  of  hearing  before  ihf 

boat  took  him  up;  which,  however,  at  last  happened,  wiihtnd 

any  mjary  to  his  health,  as  he  took  an  oar  and  assisted  in  rom 

Jng  back  to  the  ship,  j 

Men  an  The  parliculars  of  this  accident  shew  clearly  how  it  bappeia 

ri^iiaefhefr      '''^'  ™^  '*  ''""'"^'^  '"  circumstances  where  brutes  i 

■rmi,  tha         swim ;  end  why  young  children  are  not  uiifrctiaeiitly  tel 
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te,  «fter  floBtini;  a  ronsiJp^ble  lime  on  tlie  wafer.     In  three  wriBhtofHhieb 

an.  bj  Ihe  naiuMl  artian  of  wising  liis  hands  to  save  ^^^j^;'"''  ''" 
roself  hj  graspini;  vime  object,  Hilds  to  the  unfluated  weight, 
d  sinks  his  head.    But  other  animah  (a  few  with  small  arms '^'l^ernnimdi 
d  powertul  legs  esix'pled)  have  no  notion  or  ability  to  grasp,  „,  aiiiiitv  to  60 
in  their  habitual  manner  of  ualking,  take  Ihe  prone  pos-  "'*  •'""'e.  «"d 

, .    ,    .       ,  •      .  .      ^  I  -  Iherefotei 

which  IS  olio  very  suitable  for  making  progress  in  swim-  natnraUy, 

Infants,  who  havt  .horl  arms,  and  lirtle  of  the  hubit  of 

g  and  grasping,  are  less  likely  lo  drown  themseK'es  than 

toen,  because  they  do  nut  raise  their  arms. 

Wc  will  conclude  by  noting  the  pratlicft]  results.     When  How  1  mon, 

ft  man  falls  into  deep  waler.  he   will  rise  to  the  surface  by  J'h'ing'^f "^ 

floatfige,  and  will  continue  ihcre  if  he  do  not  elevate  his   hands,  mina,  may  sap- 

If  he  move  his  hands  undtr  the  watrr  in  any  manner  he  pleases,  5^^^^ '" 

bis  head  will  rise  so  high  as  to  allow  him  free  liberty  to  breathe. 

And  if  be  move  his  legs,  asin  the  action  of  walking  (or  rather 

walking  up  stairs),  his  shoulders  will  rise  above  the  water ;  sa 

that  he  may  use  leas  exertion  »lih  his  hands,  or  apply  them  to 

oUic[  purposes.     By  following  these  plain  directions,  I  have 

not  the  least  doubt  but  that  any  person  would  swim  as  readily 

as  the  man  who  fell  overboard  from  the  Woicester  ;  and  when 

once  the  ability  to  support  one's  self  m  the  water  is  acquired, 

other  changes   of  position  and   action  are    performed  with 

feciiity. 


Facts  towards  o«  HUtory  of  Gold.    By  Profestcr  Paovst. 
CConcluded  from  page  247  .J 

■  .   VV  E  are  no  longer  ignorant  that  ii 

I      reduced    to   the   metallic   stale,    beca 

I      Pelleliei  have  demunslrdted,  thai  tin,  or  its  oxiue   at  a  mini- tallic  lUtt. 

I     mum,  applied  to  the  munaic  of  gold,  can  never  produce  any 

I      ether  result.      But  as  it  is  likewise  known,  tnat  it  contain!,  also  ^ 

K     ii  foraoa  ol'  oude,  and  this  even  pretiy  ^uuidu-yble,   it  iias  J 

k^  Uu8  geoeitilly  J 


niiToKT  or  aoLB. 

ECTPrn'Iy  liecn  supposed,  Ihul  llic  purple  powder  cnqlil  te  •(• 
thing  but  an  iiitiinalc  uixlurc  of  gnid  in  ttie  metallic  tMte  and 
oxide  of  tin. 

If,  bowever,  we  rpflcet  on  wjme  properties,  which  emiiwDily 
dininpiish  this  purjile  from  a  simple  mislure  of  powdered  golJ 
and  oxide,  and  in  pAiliculur  the  difficnity  »c  find  in  <«panriiig 
th«  Idtter  from  it.  wo  shall  be  inclined  lo  suspect,  that  something 
more  than  »mple  miMure  mutt  ttke  place  in  this  precip'- 
tale. 
t.  Let  us  be^n  with  cstttblixhing  the  metallic  state  of  the  gold, 
after  which  we  uill  examine  the  dtgree  of  oxidation  of  the  tin 
that  accompanies  it. 

To  analyse  the  simple  powder,  wc  must  employ  aqua  rr^, 
for  the  nitric  or  rouriHtic  ncid  lias  only  a  very  slow  and  tny 
imperfect  action  on  it.  Scarcely  is  it  welled  wiib  this,  befort 
we  perceive  it  lose  its  colour,  yield  a  solution  of  gold,  and 
leave  the  oxide  of  tin  bare.  This  oxide  is  heavy,  sandy,  and 
trinsparcnt  as  powdered  glass,  which  is  the  usual  cbaraler  of 
the  oxide  at  a  mRxinnnn.  Hut  it  may  he  said,  the  nitric  acid 
of  the  solution  of  gold  may  have  raised  it  to  ibis  dt^rec.  I 
answer,  no  :  for  if  the  purple  powder  be  heated  in  marine 
acid,  the  oxide  lalicn  from  it  is  equally  ritreous,  and  its  kJb- 
tion  no  longer  precipitates  that  of  gohl ;  it  only  gi\'cs  a  yrlW 
colour  with  hydrosulphuraled  water.  There  can  be  no  donhl, 
therefore,  that,  if  the  tin  accompanying  the  gold  be  al  a  maxi- 
mum of  oxidation,  it  is  because  it  has  taken  lo  itself  ibe  oxi^ 
■  of  the  gold  a^  it  threw  it  down.  Oxide  of  tin  at  a  iDaximnm, 
therefore,  and  gold,  are  irrefragably  tbecoQstilutent  parlaof  Ihe 
purple  powder  of  Cas^ius. 

Now  to  begin  with  showing  that  this   oxide  cannot  unit* 

with  the  gold  during   the  precipitation  of  the  purple  powder, 

any  farther  then  a  particular  affinity  attracts  it  tu  this  metal,  I 

shall  here  recapitulate  tome  of  the  pi-opcrtiei  of  the  oxide  oC 

tin. 

jf         Tin,  pasung  from  a  minimum  of  oxidation  to  a  maximum, 

riih  diminishes  in  nlubility ;  a  bet  that  has  been  sufficiently  sbomi 

ggi.  in  ray  last  pAper  on  tin.     In  this  respect,  tin  follown  the  lavr 

of  most  of  the  metals  that  are  susceptible  of  iwodegreeaof 

oxidation.     Bui  this  decrease  of  solubility  is  not  the  cause  uf 

id  precipitation  in  the  present  instance ;  for,  though  less  solu- 
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iAe  than  the  oxide  at  a  roimniuni,  it  is  still  very  soluble  ill 
iite  inuriutic  acid,  and  in  aqua  regia.  Fur  example,  let  fall  a 
single  drop  of  a  very  acid  muriatic  solution  at  a  niinimamt 
^to  a  solution  of  gold,  wliich  is  Labiltiatiy  aurchargcd  with  it, 
Sud  you  will  not  fikil  to  produce  a  purple  compound ;  a  purple 
fiatt  certainly  lias  nabiug  similai  to  the  coloured  powders  pro- 
duced by  the  sulphureous  or  phosphorous  acid,  sulphate  of 
iron,  &c.  Thu3,  in  the  case  we  are  examining,  there  is  no 
leason  to  suppose,  that  a  few  atoms  of  oxide,  nhich  have  just 
acquired  a  maxinitim,  should  tlius  quit  a  solvent,  that  altracla 
them  on  all  sides,  to  unite  in  prefurencc  with-gold,  if  llie  gold 
did  not  allraci  them  by  a  particular  atlinity.  Let  me  observe 
too,  that  the  acidity  of  the  liquids  increases,  in  propoiliou  as 
the  gold  anil  tin  fall  down. 

If,  therefore,  the  gold  and  oside  unite,  notwithstanding  [he 
Qbstack  they  mu»t  have  to   encounter  in  such  acid  menstrua, 
^itia   obviously  necessary,    that   a  particular  attraction   should 
^Intervene,  to  save  the  tin  from  its  customary  solubility, 
'      But  a  single  fact  willeatablishincontrovertibly  the  particular  The pntpta 
Estate  of  combinMtion,  which  unites  tlie  oxide  of  tin  to  the  gold,  fectly  »idubl« 
'Throw  some  of  the  purple  powder  of  Cauius,  recently  precipl-  i 
taicd  ijito  a  phiul  full  of  ammonia,  it  will  dissolve  immediately, 
dnd  impart  to  the  ammonia  a  vivid  and  intense  purple  colour. 
The  solution  will    pass   through  the  filler,  without  losing  any 
thing.     Water  docs  not  decompose   it,  as  it  does  most  of  the 
ammoniacal  solutions  of  melals,  unless  it  be  surcharged  with 
the  purple  powder,  and  then  part  of  it  may  separate.     Distil- 
lation, too,  occBAiotib  (lie  powder  to  subside,  by  carrying  off  th« 
ammonia;  but  as  long  as  the  liquid  contains  any  ammonia,  it 
continueiJ  to  bold  some  of  the  purple  powder  in  solution.    Acids 
precipitate  it  from  the  ammonia  in  the  same  manner. 

The  metaUic  preciptlalcs  of  gold  are  not  soluble  in  ammonia. 
The  oxide  of  tin  at  a  minimum  is  but  very  imperfectly  soluble 
in  it,  since  the  solutionis  always  milky.  If  the  purple  powder, 
therefore,  dissolve  thus  copiously  and  perfectly  in  ammonia ; 
if  it  have  properties,  which  neither  gold  nor  the  oxide  of  tin 
{wssesses,  we  must  conclude,  that  these  two  substances  form  a 
real  combination  with  each  other :  for  real  combinations  alunQ 
can  bave  properties  strikingly  diflerunt  from  those  which 
characterize  thcli  compoaeat  parts.  Tbe  G«tnbiiuitioii  of  « 
metal, 
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no  less  injur 
igu(ar;  part 


Marcmr  cin- 
DOttake  foU 
tram  the  pur- 
ple of  Ctusiua.    tageously 


tnetal,  llie  aRtnities  of  hIxIcIi  are  so 

afluiitJog  of  wliich 

cannoi  &tl  lo  a[i|)e, 

docs  not  pxist  any  ihnt  can  be  cofl 

objected,  thnl  the  combinnljin  <^ 

ammonia  will  not  Dppear,  perhaplj 

closely  invest!  gated  :  for  wliat  can^ 

general  principles  of  chemiatry,  tluu 

stronger  aflinity  lo  ainmonia  than  b 

or,    than  to  see    in  fulminating  g 

combination,  which  no  acid,  orevei 

Mcrcary,  shaken  in  a  phial  with  I 

not   take  from   it   the  gold,   with   1 

lU  occR!ions  where  th( 

actually  metallic  gold  in 

yield  to  the  action  of  mercuryi  Mq 

tainly  interpose, 

DtBera  fk.ni  It  [,as  been  tbouglit  loo,  that  the 

hf  nlpaatc  of   between   gold   precipitated   by  tin, 

ironi  sulphate  of  iron;  and  even  that  the 

mi.xeil  or  diluied  with  a  while  oxi 

the  purple  powder  of  Cassius.     1 

have  very  little  foundation  :  for  if ) 

have  something  of  a  purple  hue  wbc 

only  in  one  point  of  view  exclusive] 

constantly  purple,  in  whatever  posit 

—uMlfromBn       All  gold,  reduced  to  the  melalli 

•tlKr  prei^ipi-    ,        .. ,  ,  ... 

Utts  by  cum-  hostible  substance  than  tin,  ytcldt 
bnitible  nib-  gf  which  refracts  the  light,  so  as  ta 
the  vessel  coniainiiig  it  h  placetj  I 
Colli,  precipitated  by  sulphate  of  ir 
gen,  by  sulphureous  acid,  &c.,  hi 
stand  J>etwecn  the  vessel  and  the 
purple  ;  but  we  dislinguiah  the  refi 
riferous  molecule,  in  which  we  clc 
metal.  But  gold,  precipitated  by  t 
deep  crimson,  is  purple,  is  a  veKei 
metallic  reflection,  under  whatever 
the  tint  of  which  dilTcrs  from  that  { 
otJ^  by  being  more  intense, 
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If  the  reader  urould  be  still  more  fully  coiivinoad  of  the  rrat  Furlber  prooft 
diSTcrcnct?,  ihat  subsists  between  l!ie  aurifemus  precipitates  aad"'^^*™" 
the  purple  powder  of  Caaius,  it  is  sufftcieot  to  reminil  bim, 
that,  thou^li  the  muriate  of  iron  acts  upun  llie  muriate  of  gold 
in  the  taine  manner  as  that  of  tin,  the  oxide  of  iron,  which 
occiuions  the  precipicaiion,  is  by  no  means  attracted  by  tha 
gold  like  the  o\idc  of  tin,  though  its  solubility  is  as  strikingly 
diminished.  If,  then,  the  oxide  of  iron,  raised  to  its  maximum^ 
do  not  unite  with  the  gold  when  they  come  together  under  the 
circumstances  in  which  that  of  tin  itifallibly  docs,  certainly 
nothing  but  the  power  of  affinity  can  account  for  the  di&c- 

Lastly,  the  purple  prepared  with  tin  fixes  in  silk,  and  dyes T"'^"''^^ 
it  of  a  violet  colour ;  which  is  cerlHinly  not  (he  effect  of  a    "     ^    , 
powder  of  gold  incoqiorated  in  the  pores  of  its  lilainenti. 

In  Ibe  formation  of  the  purple  p<>n'der,  the  excess  of  the  RfTret  oTtb* 
acids  has  an  office  veiy  ditiiTcnt  from  what  might  be  supposed ;  ^^^  ""** 
the  ucids  do  not  taLc  fruin  it  any  oxide  of  tin,  as  it  was  natural 
to  expect,  but  they  cause,  or  communicate  to  the  purple  pow- 
der, a  kind  of  dcmisoluiion,  which  retards  its  subsidence,  and 
fthich  is  on  this  account  very  inconvenient,  particularly  when 
we  are  io  haste  to  obtuin  it.  This  action  of  the  acids  may 
easily  be  perceived,  if  we  agitate  in  marine  acid  w  preupital* 
recently  washed :  on  doing  this,  you  would  say,  a  solution 
takes  place,  and  still  more  if  a  little  bent  be  empl>)yed  ;  but 
this  solution,  which  imposes  on  the  eye  by  a  kind  of  transpa- 
tency,  does  not  btand  ihc  test  of  the  liltcr. 

The  precij  itation  o(  the  purple  powder  may  be  accelerated  Potuli harteni 
by  adding  potash  occasionally  to  llie  liquor.  If,  at  ihe  expi-I|yj^''™'P"^-, 
ration  of  a  few  mi'mles,  its  surface  does  not  become  clear,  a  ■ 

little  more  may  be  added ;    and  the  operator  will  have  the  M 

plcanire  of  seeing  the  purple  |>owder  collecting  in  clouds  and  ' 

visibly  subsiding.  In  this  precipitation,  however,  an  excess  _),ul 
is  to  be  appehended  ;  but  this  is  easily  avoided  when  we  arc  ™'"'  ' 
aware  of  it.  The  fact  is,  if  nwre  potash  thnn  is  necesviry  to 
neutralize  the  surplus  of  acid  be  employed,  it  will  act  on  the 
nncombincd  muriate  of  tin  held  in  solution;  and  thus  a  portion 
oir  oxide  will  be  added  to  the  purple  powder,  which  should 
makenopart  of  it. 
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On*  part  jM 
iteottia. 


Farther  proofs 
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BJfCt  of  Jcids  on  ^ 

Acdon  ofaqna      Tf  tO  a  hundred  grains  of  wel{ 

S§l,"fc».  "'•k  "T"  »B»  1»  «J".  •"!>( 

**  at  4*  or  5",  and  a  few  drops  of' 

protty  quickly  lose  iu  colour,  ai 

This  solution,  precipitated  bym 

grains  of    metallic   gold.     Ouij 

remain,  which  shows,  that  the  aqd 

The  oxide  is  white,  and  vilreotu, 

mum.     This  result  shows  us,  th^ 

carries  with  it  three  times  its  wei( 

grains  of  oxide  at  a  maximum,  I 

at  a  inimnum,  it  is  probable,  th« 

capable  of  loading  itself  with  1 

grains  of  gold, 

portion  of  murintc  of  tl 
aqua  regia,  the  oxide  passes  to  H 
precipitated,  even  by  llie  aciioi 
therefore,  in  quitting  its  solvent  I 
pic  powder,  carries  down  with  it  i 
oxide,  this  must  have  resulted ' 
aOinity. 

Mirriatic  acid  of  lO",  kept  boj 
decomposes  it  gradually,  and  n 
gold.  The  power  of  ag^regatioi] 
unites  them  in  little  lumps,  whicl 
precipitated  by  iron,  sulphureoui 

The  acid,  rendered  transparen 
of  tin  at  a  maximuro  of  a  slightt 
deslrnp  tills  colour,  but  affords  ■ 

Nilric  acid  of  32°  lakee  snmff 
and  brightens  its  colour ;  but  m 
pure  gold,  whatever  length  of  lii] 
the  brightening  proposed  by  Lenl 

The  nitric  acid,  when  poured' 
maximum,  and  a  little  gold.  /C 
strate  (his  in  an  instant.  ' 

This  purple,  the  brightened  tifi 
of  cinnabar. 


a  the  gold. 
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If  ll  he  placeil  between  the  eye  and  ihe  light,  vfe  shall  perceire, 
by  the  blue  tint,  that  die  gold  begins  to  mingle  with  the  pur- 
ple poiviieri 

Tile  aqueous  eutphuric  icid  likewise  enlivens  the  purple.  Sulphuric  tciil. 
bccnuse  it  takes  from  it  a  little  tin  j   but  its  action  goes  no 
farther. 

The  sulphate  of  tin  at  a  minimum  likewise  prccipilates  gold  Sulibaie  ef 
in  the  state  of  the  purple  powder  of  Ca^uus.  ""■ 

0/  G'Jd  prcclpilattd  by  some  Vegetable  Juket. 
I  have  shown  elsewhere,  that  there  are  few  vegetable  Juices,  Gold  precipita- 
whcther  acids,  aunimy,  saccharine,  exiraclive,   &c.,   which  i?'''";''^'"" 
have  not  the  property  of  disoxtdaling  gold;  but  among  the 
Gxtraclivc  and  colouring  juices,  there  arc  several  which  unite 
^vith  this  meial,  and  form  with  it  purple  lakes  of  a  deep  and  Purpltiaket. 
freijuenlly  very  fine  colour.     Such  unions  still  farther  confirm 
the  disposition  gold  bai  to   form  combinationa  of  a  particular 
order. 

If  a  solution  of  gold  be  poured  into  a  very  clear  solution  of  With  drsgoa'f 
dragon's  blood,  and  the  lake  be  suffered  to  subside,  washed 
several  times  in  boilini;  wuler,  and  then  dried,  wc  shall  have 
a  lake  compounded  of  mctHllIc  and  colouring  matter,  united 
by  actual  combination. 

If  100  grains  of  this  lake  be  humt,  and  the  ashes  fused  with 
a  little   borax,  a  button  of  gold,  weighing  40  grains,  will  be 
produced.     A  hundred  parts  of  golJ,  therefore,  carry  down  loop*rt*of 
with  them  250  parts,  or  twice  and  half  its  weight  of  colouring  "e'sJIin  gnld 
matter.     The  following  facts  will  show,  first,  that  ihe  gold  is 
in  tlie  metallic  state  in  this  compound 
Combination  lakes  place. 

Water  is  a  solvent  of  the  principles  contained  in  dragon's  Prooftof 
blood  :  yet  water  takes  nothing  from  this  auriferous  lake,  '■i'^""'' 
Alcohol,  which  dissolves  dragon's  blood  conipleiely,  takes 
nothing  from  this  lake;  it  is  "not  even  slightly  tinged  by  it. 
Poiash  takes  from  it  a  great  portion  of  colouring  matter,  bnt(t 
does  not  completely  divest  it  of  this  ;  for  there  still  remains  a 
lake  of  a  very  fine  puqilc,  in  which  we  find  the  guld  united  to 
the  colounng  principle.  Three  applications  of  potash  wero 
inc^alile  of  reducing  the  g<itd  to  its  original  purity. 

Vol.  XIV.— Avsvst,  ISOS.  X  x  Ammo- 
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Ammonia  takes  some  of  the  d 
doe*  not  dissolve  it.  \ 

The  muriatic  acid  at  10"  hi 
this  lake,  even  wlteti  it  ii  fid 
therefore,  is  not  onidnted.  ' 

Nitric  acid  attacks  it,  and  » 
kc.  i  and  the  loke  is  reduced  tj 
of  the  colouring  principle. 
Lake  Willi  TliejuLcc  of  pinc-btirlc,  whiij 

pim-!»rk.  leather,  affords  likewise  a  lake'i 
having  all  its  properties;  but  ] 
parts  of  gold. 

Gold,  in  the  metallic  slate,  d 
combbations  with  the  ccdouring 

Oh  I  At  State  of  Gold  in  the  '. 
hit  meiaDic  Wc  have  seen,  ftat  Rold  is  in  ' 
^ra'^^'^^d  powder  of  Cassius;  but  does  it  i 
._.!  gives  to  glass  and   to  enamel  I 

the  present  day,  it  is  time  to  ej 
least  to  throw  some  light  on  i(^ 
take  things  up  a  little  higher, 
r  The  practice  of  using  gold,  eit 
u  a  purple  pigment,  is  of  Ion 
artists  of  the  seventeenth  centui 
fulminating  gold,  the'  oxide  pi 
gold  disoxidaled  by  tin  or  mer^ 
pumice  stoiip,  &c.  Ilomberg  ant 
ed,  that  this  metal  gave  a  purpH 
what  supported  it  when  it  was 
burning-glass.  Ronelle  and  Daf 
electric  <ipark,  likewise  gave  this 
From  the  time  of  Stahl  to 
■"  chemists  were  divided  in  opinioi 
Some  thought  it  too  repugnant  1 
to  admit,  thai  gold,  furnished  wit 
could  dissolve  in  glass,  and  fui 
combination,  of  which  there  wi 
other  raclats.  They  concluded, 
capable  of  colouring  glass,  but! 
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ib  phI»Bi»(on  ;  and  Macqu«r  could  do  no  leas  than  take  lliis  Mncquer. 
8iilo  of  the  question.     It  up  pears,    however,  obsen'cd  he,  that 
it  is  It  kind  of  calcinatioa  which  render»  gold  fitted  for  becom- 
ing vitrified. 

Others,  with  Orschal  at  their  head,  seeing  on  one  hand  the  On«li«l. 
facility  with  which  gold  simply  attenuated  produces  this 
colour ;  and  on  the  other,  the  low  temperature  at  which  its 
Cixid9s  return  to  the  mclallic  state,  concluded,  that  to  divide 
it  well,  was  tudjcient  to  render  it  fit  for  painting.  Macquer  Macqiut. 
liimkelf  at  length  adopted  this  opinion,  and  is  the  first  Viho 
said  dearly,  "  all  these  facts  prove,  the  purple  colour  is 
"  natural  to  gold,  wbciievcr  it  is  in  a  ^tatc  of  extreme  diw- 
"  SLon."  If  it  be  hereafter  discovered,  that  this  doctrine  is  well 
founded,  let  it  not  be  forgolien  in  France,  that  to  Macquer  the 
honour  is  to  t>e  ascribed.* 

1  will  recall,  to  the  attention  of  chemisti,  some  facts,  which 
may  guide  us  to  the  opinion,  apparently  (he  more  accurate  of 
the  two. 

Silver  is  iocapabie  of  being  oxided  by  the  simple  heat  of  our  Properiiei  of 
furnaces;  and  its  extreme  resdiness  to  return  to  the  metallic  "'•"■ 
slate,  when  it  has  been  oxided  by  acids,  is  another  obstacle  to 
overcome.     Yet,  when  an  easily  vitriSable  substance  can  dis- 
solve the  oxide  as  fast  as  it  forms,  the  oxidation,  favoured  by 
this  attractioD,  becomes  permanent,  and  supiiorls  a  heat  which 
is  no  longer  capable  of  reducing  it.     The  application  of  )eafOx[deorgal(l. 
silver  on  glass,  its  oxide  combines  witt  phoshoric  or  horacic  ^f^*^""*- 
»C!d,  are  known  proofs  uftfats.     The  case  appears  to  be  the 
ftame  with  gold.     If  a  vitreous  surface  can  dissolve  its  oxide  as 
fast  as  it  is  formed,  the  reduction  is  delayed,  and  the  purple 
maintains  itself,  till  a  higher  temperature  forces  i(  to  give  up 
its  oxigen. 

But  the  following  fact,  known  in  glass-houses,  seems  to  de-  goIiI  unite* 
decide  the  question.  Dissolve  in  soft  Hint-glass  any  precipitate  "llj  B'"*"' 
of  gold,  the  result  will  be  a  brilliant  i^ass,  perfectly  iranspa-  iiigiU 


*  To  asc.-ibe  to  Macquer  the  honour  of  a  discovery,  which>  ae- 
cording  to  our  author,  yet  remains  to  be  made,  and  respecdng 
vrhich  be  confFsses  Macquer  unty  adopted  the  opiuion  of  ochen, 
shows  Prof.  Proust  to  be  more  lealous  for  the  honour  of  France 
than  for  the  cause  of  truth  and  justice.— T. 

X  X  3  rent 
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mit  anJ   eolomless.     Wiltil  besaid,  ihat  the   |^M  »■ 


divided  in  this  gls-*  t  If  frapmcnts  of  it  be  heatt-d 
snd  coDscqupntly  far  froin  any  dephlo^sli eating  vapc-ur,  xhrj 
.  will  acquire  a  superb  purple  tint,  withoul  lowinjE  any  thing  (4 
their  transparency.  Can  this  mult  be  called  a  mctsUic  t^ 
duclion  I  The  purple  of  enamels,  and  nf  pajoting  on  poTtt< 
tain,  frquently  disappears,  and  aAerward  reappears  with  Aa 
greatest  facility.  Do  we  here  reco|pii^e  a  metal  tbal  newt 
deviates  from  metallic  simplicity  in  its  different  iiales?  gold, 
dissolved  in  glass,  does,  or  does  not,  produce  colnun.  Tb»n  k 
phenomenon  in  its  history  of  which  we  know  not  the  cwk. 
I-et  us  then  honestly  confess  with  Macquer,  "  ibis  purple  il>l« 
"  of  gold  is  not  yet  well  undetstood. 


l«^jj 


^^^^^B  vtandi 

^^^^^H         on  the 
^^^^^^H        appeal 


Account  of  an  /Jppearanct  of  Brighton  Clif  tern  in  ti 
by  Itrfltclion.     In  a  Lclttr  from  Dr.  Bocbas* 

To  Mr.  NICHOLSON. 
Deah  Sir, 

^LJ'N  reverting  to  some  notes  made  at  ibe  tinae  I  finrad  Ikt 
Bubsetjuent  account  of  the  sppearanee,  which  I  tnentioncJ  U 
you  in  conversation  yesterday,  and  trhich  you  seeined  (a  tUd 
worthy  of  reconllng.  Perhaps  you,  or  some  of  yoor  amtt- 
pondents,  may  bvour  the  readers  of  the  Philosophical  JiMfad 
with  an  explanation  of  the  optical  principles  on  which  the  sbe* 
nomcnon  depends. 

Walkiii)(  on  the  cliff,  about  a  mile  to  the  eastwart)  of  Bii^i^ 

helmstone,  un  the  morning  ul  the  SSth  of   November  IWt, 

y  while  watching  the  rising  of  the  sun,  I  turned  my  ey  es  directly 

ard:j  the  sea,  just  as  the  solar  disk  enierged  frum  the  Ma> 

fuce  of  the  water,  and  saw  the  face  of  the  chff  on  which  I  wu 

vtandiug,  represented  precisely  opposite  to  me  at  some  tlistum 

on  the  ocean.     Callinij  the  attenlioQ  of  my  companion  to  Iliii 

appearance,  we  soon  also  discerned  our  own  fignres  stondug 

the  summit  of  the  iipparent  oppnsile  cliff,  as  well  as  iher»* 

presc^iutiaa  of  »  wiuJmtll  sear  «t  haofl*     The  i«A>ew4 
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fnsgec  w«M  mtHf  dislinct  precisely  opi'osite  to  where  we  stood, 
and  the  lal»e  cliff  seemed  to  lade  away,  and  to  clrnw  near  to 
the  real  nm-,  in  pn-povtion  as  it  reccdi-d  towards  the  west. 
^t .  1^'^  phenomenon  lasted  about  ten  tniiiuits,  or  till  the  sun  li 
^■wd  risen  nearly  his  own  diameter  above  the  liurlace  of  the  " 
^^Meesn.     The  whole  then  seemed  to  be  elevated  into  the  air, 
^K|id  successively  disappeared,  giving  an  impression  very  simJiiiT 
^^b'lhat  which  is  produced  by  the  drawing  up  of  a  drnp-scene 
^^Slthe  theatre.     The  honzon  was  cloudy,  or  perhaps  it  might 
with  more  propriety  be  said,  that  the  surtare  '.f  the  tea  was 
covered  with  a  dense  fog,  of  many  yards  in  height,  and  which 
gradually  receded  before  the  ru)s  ol  the  sun. 

Perhaps  sttch  appearances  may  frequently  occur  at  sea  ;  a 
point  your  own  experience  may  en^ible  you  1o  determine.  Is 
thne  r.ny  analogy  between  ihjs  phenomenon  and  the  celebra- 
ted Tata  Murgana  f 

I  am,  Sir, 

Your  obdient  servant, 
Percy-itrcet,  A.  P.  BUCHAN, 

/«(?  18,  18C6. 
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The  ctifT  to  the  eastward  of  Brighton  lies  very  nearly  in  the  obfervaiicn 
direction  S.  Ti'  E.  and  the  sun  rose  on  the  SSth  Nov.  1804,  J"'  ■hecliff 

liorc  and  the 

a.  jj*  E.     The  rays  of  the  risint;  sun,  therefore,  tell  upon  the  riiins  nin> 
cliff  in  an  angle  of  about  73°  troro  the  perpendicular,  on  the 
left  hand  of  the  observer  who  was  Inukmg  to  the  southward.  ^^ 

Hence  the  cliff  would  be  cnuMderably  illuminated,  and  the  ^M 

observer  not  much  prevented  by  the  direct  solar  rays  from  ex-  ^H 

amitiing  the  plienomemm  before  him.  jfl 

This  fact  is  certainly  ol  great  value,  as  a  proof  that  the  ef-  This  taetot 
fects  described  under  the  denomination  of  fata  Morgana  (of  ' 

^ich  an  account  is  gtveji,  from  Minasi,  in  the  first  volume  of 
our  quarto  scries),  are  not  produced  merely  by  light  trans- 
mitted through  the  air,  or  reilected  at  small  angles  ;  but  also 
by  direct  opposite  reflection  from  some  medmm  suspended  in 
the  air.  Vfc  possess  few  authentic  facts  ol  this  last  description, 
and,  I  believe,  no  theory  at  all.  Sumcihing,  probably  water,  Conjecturtfc 
appears  to  be  arrang,ed  in  the  air,  perhaps  by  thai  slow  and 
regular 
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KguUi  dcpontion  that  precedes  CTyit&l]Ustioil|* ' 
nles  on  the  light  in  a  manDer  similar  to  that  of  a 
plane  sui  Uco,  ilispo^d  nculy  in  a  vertical  positioo ;  ttai 
liung  sun  appean  to  disturb  and  elevate  this  ma^.  Bn 
whbt  lawi  liiese  caiuet  and  iheir  effect!  may  be  gt>*(| 
must  be  explained  by  more  frequent  and  minute  obierv^ 
and,  pcrltnps,  Ironi  ibc  aimlo^  of  eKperitnKnt. 


Letter  from  Dr.  Wileibbov,  respecting  the 
du-ctioii  of  Muriatic  Ac'ul  from  Water  tg 


II  iM 


To  Mr.  NICHOLSON. 


Dkak  Sir, 


J\T  the  period  Paechioni's  experiments  were  publishedi 

lative  to  the  production  of  roiirialic  acid  fron  the  ga)^ 

disoxige nation  of  water,  I  was  engaged  in  some  leciuis 

Dublin.  I  employed  my  extensive  apparatus  with  a  »iew  ol 

certurning  this  curious  circHmsIancc:  my  friend  Dr.  Bai 

lecturer  on  chemistry  in  that  univenity,    provided  me  ' 

Faarrnaift  of  some  pure  distilled  water,  the  purity  of  which  was  ascerti; 

dniiatbTjai  °  ^y  ^'"'  ^"*^'  means  with  the  muriate  of  berjtes  aod  the  nil 

nn.  inc.  Slid     of  silver :  about  four  ounces  of  this  water  was  subjectei 

shem-dmu'ri-"^    ^^  influence  of  800  plates  for  thirty  hours:  about  tiro  di 

Btic  acid,  of  the  water  bad  dijiappeared  :  into  the  residual  water,  a  f 

tion  of  the  nitrate  of  silver  was  introduced,  the  white  cl« 

precjpituiion,  evincing  the  existence  of  muriatic  acid,  ii^ 

dintely  followed.     The  appearance  snrpriied  us  much: 

witfisiHndmg  this,  I  doubted  the  accuracy  of  the  experin 

and  suvpccled  that  muriatic  acid  had,  some  how  or  ol 

crept  inti)  the  water.     Upon  reflection,  it  appeared  to  me  j 

bably  to  urise  from  the  acid  mixture  tvhich  is  employed  ia 

galvanic  arrangements,      When  at  Limerick,  I  repeated 

*  Could  it  have  been  in  froien  plates  ?  Even  if  bo,  (Be  It* 
fhanomeoou  could  hardly  have  bceu  at  *o  low  a  temperature. 


Id  another  CX' 
perimeni,  per- 
tbrtned  nilili 


J 


'  «if«tinieiil,  with  the  precaulion  of  having  my  galvanic  appa- 
r^ius  in  one  room,  and  my  wires,  passing  througli  two  small 
Loles  in  a  door  to  the  distilled  water,  in  an  adjniiiing  room. 
I  CTopIoyed  a  similar  power  as  in  the  former  experiment,  and 
decomposed    the  same  <juantity  :    in  ihia  there  were  not  the 
«lighte«t  traces  of  muriatic  acid.     I  am  induced  to  think  that 
such  has  been  the  catise  of  Pacchioni's  error.     In  a  pcriodicid  Duubw  at 
work  1  noticed  some  esperiments  of  Mr.  Peel,  of  Cambridge.  S'„"j"m™.'^^S^ 
Mr.  Peel  say*  he  diEcovered  this  acid  after  deeompoeing  two  experiments, 
ounces  of  water.     A  thousand  gulvanic  plates  in  troughs,  if 
•ven  replenished  every  twenty-fjur  hours  with  fresh  add  and 
WBlcr,  would  not  efTt-cl  the  dccompoNlion  of  so  large  a  quan- 
tity of  water  in  three  weeks,      1  wibli  the  parriculars  of  Mr. 
Peel's  experiments  as  to  the  extent  of  his  power,  and  thenalufs 
«f  the  fluid  he  eniployi,  had  been  described. 


la 


Sir, 
rs,  re  sped  fully, 

C.  WILKINSON. 


1  H.  Hauill,  jttn.  Etq.  ot 
Silp't  Velocity. 


SIR, 


tie  Meaiure  of  a 


To  Mr.  NICHOLSON. 


XXAVING  lately  had  occasion  to  look  over  the  various 
methods  of  ascertaining  the  distance  run  by  a  boat,  partioi' 
larly  in  short  distances,  such  as  in  surveying  harbours,  it 
■truck  me  that  the  following  might  answer  the  purpose. 

In  the  method  proposed  by  M.  Pitot,  described  in  Grc- propMad  im- 
Bory's   Mechanics,  vol,    ii.   page  414,   two  tubes  are  used,  P™**;"*"' J". 

o     ^  '  r   D  '  '  Pilot's  metnod 

one  of  which  has  at  its  lower  extremity,  a  trumpet  rooulh,  urmcasuring  a 
the  other  straight  throughout.    Now   when  the  vessel   makes  •'■'i''""^'*''!'- 
way,  in  bis  method,  her  velocity  is  ascertained  by  the  differ- 
«nc«  of  height  to  which  the  water  rises  in  each  tube.     But  as 
the  velocity  of  a  vessel,  impelled  by  oars  or  sails,  especially  in 
a  sea  not  peifectly  calm,  cannot  be  peri'ectly  unilbrm,   the 

water 
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water  in  the  principal  iub«  tnuit  have  ao  undulmiru;  motiooi 
wbich  will  nuke  the  velocity  difficult  to  be  KCCuraiolj-  ason* 
tained. 

Now  let  ui  suppose  tlie  upper  orifice  of  the  trarapct- 
mouth  tube  to  be  precisely  on  a  U-vi^l  with  the  wster  in  the 
other,  and  placeil  in  a  tub  or  receiver;  mhcn  the  vrmel  ^di 
way,  the  wnier  will  rise  aud  Qavi  over,  and  be  cauf^ht  by  the 
receiver.  Now,  Sir,  I  would  suppose,  that  the  ares  of  ihc 
orifice  being  exactly  found,  the  space  of  llnic  iu  vVich  the 
water  received  was  fluwing  in  bein^  exactly  noteH,  we  might 
find  the  velocity  of  the  boat  much  more  accurately  (in  the 
above-menlioncd  circumMances)  thiin  by  the  ori^uil  method 
ofM.  Pitot. 

As  far  as  1  have  read,  or  ioquired,  I  did  not  find  this  raelliod 
proposed  by  any  one.  1  now  aubmil  it  to  you,  asturiftg  yoi^ 
Ht,  that  I  am 

Your  most  humble  scTvant, 

31,  Dominkk-itrett.  H.  HAMILL,  Jun. 


k 


Feed  relating  to  the  Art  of  Shaving,     From  a  CorretponiaU . 

JtiAVlNG  noticed  some  useful  hints  in  your  Journal,  on  the 
subject  of  razors,  and  their  best  Mate  of  application,  I  um  de- 
fiirous  to  contribute  one  or  two  observationi,  to  add  ease  Uid 
comfort  to  their  uac  a.nd  operation. 
itnictioDs  In  the  preparation  for  shaving,  1  have  found  it  the  better 

ihiTing,      mode  of  appk-ing  lather  in  a  tlitcker  slate  than  is  usually  dune, 

i  (lit  prepgr-  if  J     b  j         — i 

lUtenxor.  or  if  laid  on  thin,  to  allow  it  a  lew  seconds  to  half  dry  on  the 
face  i  and,  in  either  case,  to  nb  or  brush  well  into  the  roots  of 
the  hair,  by  the  hand,  or  by  a  brush  of  some  hardness,  wtiich 
gives  a  very  useful  and  moiierate  resistance  to  the  uper.ti)on  of 
the  razor.  In  ihik  lu^t  article,  too,  I  revcn,e  the  common  prac- 
tice, which  is  to  prepare  the  nuor  beiore  !>bavin^ ;  on  the 
contrary,  I  have  found  it  best,  from  rqiCBted  and  long  experi- 
ence, to  strop  it  after  shaving;,  aud  lay  it  up  in  tbu  *tate.  It 


f. 


konVT    VESUVIUS, 

tmn  rc<]Uircs  only  a  liille  rubbing  over  lh<^  [iftim  of  the  tiand, 
and  ailij)  ui  Harm  wairr,  to  maku  it  ready  lor  ine. 

The  rulionale  (f  ibib  mude  I  tbuii  explain  :  The  edge  of  a 
razor  ouglit  Eo  pre^rvu  n  perfect  pidisli,  and  this  is  best  dc>tie, 
by  leKing  it  lye  with  a  small  porti'in  of  an  oily  substance,  such 
■s  gcnernlly  is  on  strops ;  but  wliicb  cannut  be,  it'  laid  by  wiib 
(lie  vapour  or  moisture  uted  in  shaving,  so  readily  favuunng  a 
disposition  to  contrBCt  rust.  Rubbing  on  the  hand  takes  off 
Ihe  small  oily  matter  on  the  edge,  and  probably  removes  a 
wire  edge,  common  on  nuora  much  honed,  besides  preparing 
it  to  receive  a  smull  additional  warmth  and  temper  front  the 

A   considerable  time  ago  a  razor  powder  was  advertised  A  razor  pi 
here,  under   the  title  of  the   "  Esyptian  Raior  Powder."*     ItJItioBnoTi 
is  not  now  publicly  sold  ;    but  having  on  its  first  appearance  tioned, 
procured  a  quantity,  1  aui  enabled  to  speak  of  it  from  experi* 
encc.    'At  first  I  Used  it,   as  directed,  in  a  dry  state  on  the 
itrop ;  but  for  a  long  time  past  I  have  mixed  it  with  a  small 
quantity  of  oil,  and  found  it  the  best  composition  for  giving  an 
edge  lo  razors,  of  any  I  ever  tried.     Tor  above  three  years  I 
have  never  used  a  hone,  nor  had  a  razor  ground  i  and  now  find 
a  few  motions  over  the  ttrop,  aDer  shaving,  fully  sufficient  to 
preserve  my  razor,  (having  never  occasion  lo  tue  r  second),  in 
good  order. 

To  some,  this  may  appear  a  trifling  subject ;  but  with  many, 
who,  like  the  addresser,  have  found  a  stiff  beard  and  bad  ra- 
zor,  very  grating  attendants  on  declining  years,   it  will  be  of 

Dublin,  Julg  9th,  1806.  H.  K. 


xir. 

Account  of  Ihe  late  Eruption  of  Mount  Fcsuvivt.^ 

\JS  the  31st  of  last  May,  we  enjoyed,  for  the  first  time,  the  tit-  erupUim 

of  Mjust  Vc- 
*  Was  this  chc  black  powder  obtained  by  tricuratiiii;  tin  with  a  mivius. 
little  mercury?  1  hate  heard  such  a  ponder  praised,  but  have  not 
tried  it.— N. 


t  From  the  Moniteur  of  June  2a,  ]80fl. 
Vol.  XIV.— August,  I806.  Yy 
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spectacle  at  tin  enipdon  of  Vesuvius,  A  column  of  wry  Ibd 
tmnkc  11^  from  Uie  crutrr  about  ttn  o'clock ;  6a^l>M  Oow  mi 
then  hurst  from  ihii  column  ;  Ht  length  ihe  eruption  appetai 
in  a  muss  of  Ilnrne,  nf  immense  tlismeler,  and  occupying  ilit 
whole  »a«  ejctent  nf  rl.o  rrnter.  This  mass  n-as  kepi  up  by 
succe»«itrc  emission  uf  whitish  flame,  which,  u  it  rose  iota  i\x 
air,  assumed  a  more  intense  red  cclour.  Igiuted  or  lacllrd 
mbstauces  BoTnc  of  which  were  opaque,  were  projecicii  will 
violence  above  this  budyot  tire,  nnd  tifteo  fell  beyond  tliedr> 
cumferencc  of  Ac  fratcr.  ■  At  midniiibt  there  was  nota»  ret 
any  current  of  lava,  but  frequent  rumblings  were  beard. 
-  On  the  1st  of  June,  the  erui)Iion  continued  the  whole  mnrn- 
ing,  and  we  rewUed  lu  visit  llie  mouniain  the  follouing  night. 

We  set  ont  at  eight  in  the  evening.  We  look  hor^  at  Res- 
na.  near  the  descent  to  Ilerculancum,  and  pr»cceded  towardi 
the  rosidcncc  of  the  hermit.  The  house  in  which  he  lives  ii 
silualed  nenr  the  southern  peak  of  Mcainl  Summs,  being  an 
easy  ride  of  an  hour  and  a  half  fmm  Resina. 

On  leaving'  the  hermitage,  we  pruceedcd  across  tlie  vaUfy 
which  separnles  Soinma  from  Ve5^^'ius,  and  is  knowii  by  libe 
appcllattun  of  Alrio  del  Cavallo:  It  is  of  no  guest  deptb, 
being  almost  entirely  filled  with  the  lavas  of  successiv'?  eivf' 
(ions,  piled  one  above  anolhei'.  At  length  »c  reached  the 
ibot  of  Vesuvius,  where  we  left  our  horses,  and  began  to  atcend 
on  foot. 

•  Tbc  declivity  is  lerj' steep,  and  dillicuU  of  nscent,  on  at- 
count  of  the  moveable  nature  of  the  ^und  on  which  you  whll,    ' 
being  nothing;  but  a  mixlure  of  ashes  and  fragments  of  lav», 
without  cunsiitcncy.     After  great  fatigue  we  reached  the  auui- 
mit,  and  arrived  at  one  of  the  edges  of  the  crater. 

We  had  been  lighted  thi  whole  way  by  eruptions  of  ibe 
mountain,  which  were  projected  to  a  very  great  height.  Vio- 
lent rumblings  that  were  continually  heard,  added  to  the  gran- 
deur and  the  awfulncss  uf  tlic  spectacle,  which  appeared  much 
more  beautiful  and  majestic  Irom  the  point  to  which  we  bad 
climbed  with  so  much  difficulty. 

Suspended  as  it  were  on  tlic  brink  of  the  crater,  nothing  b- 
Icrpoted  to  prevent  our  view  of  the  cruplions.     We  beheld  im- 
mense masses  of  flame  issuing  almost  from  under  our  feci,  rii- 
ii^  above  the  cloud»,  and  carrying  i^itb  ihcm,   to  t)ie  same 
beigb^  . 


MOTN- 


VESUVIUS. 
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,  sliowers  of  inoited  stones,  which  generally  descended,  i.m 
nearly  in  a  jmrpendiculur  direcliuii,  into  ilie  very  laoulb  of  the  "^^. 
crater;  bill  soraetiiiies  failing  bp^ond  its  brink,  rebounded 
around  us  and  rolled,  red  hot,  down  the  declivity  which  we 
had  chin  bed.  Culumns  of  tire,  clouds  of  smoke,  and  sbowen 
(if  stones,  succeeded  each  other,  uiihout  inierrn|itiun,  sccoin- 
pauied  by  continual  subterraneous  noUcs;  the  bowels  of  the 
mouniiun  seemed  convulsed;  the  ground  on  which  i/kajBlood 
shook,  and  thrtatcncd  to  snik  beneath  ouf  feet.  Never  had 
we  beheld  a  morj  niclanclioly  image  of  the  convulsions  of  na- 
ture, and  not iijthsi ending  the  lisk  we  incurred  from  the  con- 
tinual falling  uf  the  stones,  wc  could  scarcely  be  prevailed  Upon 
to  leave  it. 

Our  guides,  who  were  better  judBrs  of  the  danger  than  our- 
selves, now  bccami:  alarmed,  and  urged  us  to  descend. 

The  violence  of  the  volcano  had  increased  since  we  reached 
the  suinmii,  and  ihu  Power  that  presides  over  the  place,  seemed 
inclined  to  punish  us  for  our  audacity,  and  fur  having  pre- 
sumed In  violute  his  tremendous  abode. 

Wc  accordingly  descendi-d,  and  in  a  few  minnlcs  ar.rived  at 
the  Altio  del  Cttvallo.  We  were  out  of  ibc  reach  of  danger, 
^d  wtrn  enabled  to  conteni[ilulo,  without  apprehension,  the 
objects  by  which  we  were  surrounde<i.  What  an  admirable 
spectacle!  Over  our  heads,  the  volcano,  with  its  smoking 
tuva  rushing  down  the  sides  of  the  mountain ;  before  us,  the 
sea  smooth  and  calm  ;  the  full  rooon  illumining  with  her  mild 
beams  the  extremity  of  the  horizon  ;  the  clouds  ttnd  the  smoke, 
wafted  around  the  summit  of  the  mountain,  and  concealing, 
for  a  few  raomcBis,  the  vast  conflagration,  which  ajipegi'ed 
again  more  lively  and  more  bnlliunt ;  this  succession  of  lights 
and  shades,  tlii^.conlrajt  of  turbulence  and  tranquillity,  lhi» 
solitude  in  the  midst  of  such  a  vast  convuhiion,  produced  a 
multitude  of  contrary  impressions,  that  coiuiot  be  described, 
but  the  recollection  of  which  will  never  be  erased. 

We  returned  about  four  in  tlie  morning  to  Naples,  having 
»pcnt  eight  huurs  in  the  excursion. 

On  the  second,  the  eruption  continued  the  whole  day  with 

much  greater  violence  than  before  ;  two  currents  of  lava  wcrp 

formed;  one  of  these  stopped  in  the  morning;  the  other, 

taking  an  eastern  course,  spread  with  great  rapidity,  and  de- 

y  y  2  lugetl 
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Itiged  the  plain.  A*  oar  excui^ 
not  enabled  ns  to  fonn  my  id 
the  ta*B,  we  Kt  out  agafn  ti 
l^ccnomenon.  i 

Pacing  throu;>h  the  villages  \ 
del  Creco.  we  entered  indosun( 
com-lield«,  into  which  ihetiivali 
cd  the  current,  and  I  was  turprij 
lava  »o  different  from  ihe  conccp 

I  had  alway!  tmanined  that  I 
temblinc;  melted  tfoK,  ran  in  the 
unil'omily  like  a  river  of  fire ;  ai 
bable  that  in  a  ^cat  tnimberol 
this  appesranci'.  On  the  preMl 
an  accumulaiion  of  iiones,  -ioni 
ma^niludc,  hea)>ed  one  upon  aS 
or  twenty  feet,  and  about  lialf  a 
able  mass  advanced  slowly,  folb 
•olely  by  the  filling  of  the  dk 
there  wai  mi  adhesion,  and  whidt 
they  ha'l  ri'ceived  on  issuing  froi 
most  elevated  point  and  covered  I 
In  this  manner  the  stones  rolla 
the  front  rank  having  attaineil  ^ 
produced  it,  bc^an  in  its  tum  to 
that  came  tumbling  upon  it. 

All  this  intestine  motiun  wi 
resembling  ihe  decrepitation  oj 
and  brisk.  The  fire  was  fed  bj 
as  iulphur,  bitumen,  and  meta 
their  flames ;  but  there  was  no  a 
fusion,  or  of  the  com  men  cement 
the  pressure  uf  a  slick,  which  I  M 
in  vain,  to  thrust  into  them. 

Meanwhile  Ihe  devastation  oO 
torrent,  presented  a  horrid  spec 
ported  the  vines,  and  the  vines  tk 
extreme  heat  of  this  mass  of  fl 
them;  and  the  bright  and  clear  . 
bustion,  indicated  the  exact  cont 
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The  whIU  of  inclosures  and  of  Itouse^,  calcined  by  the  heal,  i„i 
crumblc-d  to  piece!  btt'irr  ihle  nii.vJn;  muunl.iin,  or  were  throvrn  "^ 
down  by  the  furcf  ot  ihrimpulMuti.  SotneElmi-s, huwcver,  instead 
of  (ivirlurning  an  obstacle,  thir  luvu  turned  anide,  and  let[  it 
Btan'ling ;  for  this  variety  uf  aciiun  it  is  impossible  to  assign 
any  reasun. 

After  we  had  contemplated  this  ditmal  anil  astonishing  sigl>t> 
we  weut  up  to  the  convent  of  the  CaiiiHlduknacs,  situated  on  a 
kind  of  peak,  of  considerable  height,  which  ovf  rlooks  the  whole 
plain,  that  extends  from  the  south  to  the  west,  from  the 
foot  of  Mount  Vesunus  to  the  sea.  This  building  has 
hitherto  been  spared,  as  well  as  the  thick  wood  in  which  it  is 
embosomed.  Ii  is  one  of  the  nearest  points  to  Vesuvius,  and 
that  from  which  you  are  beiit  able  to  discover  and  trace  the 
progress  of  the  lava.  It  is  the  asylum  to  which  the  wretched 
inhabitcnls  of  the  desolated  plain  have  ofti  p  fled  with  their  most 
valuable  ctfects;  to  which  they  have  driven  their  tjocks,  and 
conveyed  their  wives  and  children. 

Here  we  ^Eaid  a  considerable  tune  :  our  view  extended  over 
the  declivity  of  Vesuvius,  trim  uhirh  run  several  currents  of 
lava,  that  issued  from  the  sides  of  the  mountain  ;  while  enor- 
mous flames  of  lire,  of  which  we  had  a  nearer  proapL'Ct  the 
night  before,  darted  coDtinwiHy  frgm  its  nuinmil.  AVe  had 
likoMise  a  \iew  ot  ihu  plain,  in  which  appeared  the  long  wind- 
ings of  the  rivers  of  tire.  The  reddish  reverberation  of  the 
lava,  and  the  confla{;retion  in  the  plain,  illuminated  the  land- 
yape.  On  every  bide  appeared  the  image  of  desolation  :  but 
vet  it  exhibited  a  picture  so  splendid,  a  sctne  so  magnificent, 
that  ibe  ravagi-s  with  which  it  was  attended,  were  entirely 
forguilrn  in  the  conteiuplation  of  ita  picturesque  and  pu«tic 
beauty.  In  short,  uheii  my  mind  figures  lu  itself  those  tiery 
tori«nts.  the  motion  of  the  lava,  the  subterraneous  thunder*, 
those  continual  hissings,  so  many  wonders,  so  many  subjects  of 
grief  and  admiration,  1  should  Ibink  that  a  dream  had  deceived 
me,  it  the  imagination,  winch  produces  such  dreams,  wero 
capable  of  criMiin"  images  so  awful  and  so  grand. 

On  the  3d,  he  cruptiuQ  continued,  and  the  lava  still  advanc- 
ed ;  the  dclunalions  were  louder,  and  more  frequent,  than  th« 
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L  preceding  day.     In  the  evuniiij^  the  llam 


o  a  alill 
greater 


greater  heighl,  attracting  theei 

clouds  which  cmiited  splendid  l| 

On  the  4th,  the  eruption  was  jl 

On  the  5ih,  Vesuviuj  began  to^ 

&re  assured,  announcu  the  coach 
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The  El  ccl  ro- 
de LsuDay, 


On  the  6lh  of  FebuBiylast; 
gave  an  accuutiC  of  t!ie  Trnnsactl 

xiinndxiii.  The  elect ro-micmii 
ilescribed  by  Marechaus  ns  an  1 
the  tmalleiit  perceptible  ifuantitie 
ism,  and  capable  of  being  applfii 
cal  researches. 

This  electrometer  docs  not  i 
slmcted  many  years  ago,  and  or 
in  ihe  quarto  scries  of  this  Journal 
1797-  It  eonsi^ls  in  the  applid 
which,  by  means  of  a  screw,  an 
side  of  rhe  pi^ints  of  the  gold  I) 
The  Profeior  D.  L.  pablished  ■ 
do  Physique  for  Jaly  1804.  fl 
and  difficulty  of  communicatioi 
contrivance,  there  will  be  no  gd 
nierils  of  the  latter  inventor. 


Crmiioliigie  Sift 

Mr.  Klauer,  a  sculptor  of  Wf 

Schiller  and  Weiknd,  in  plaster, 

modelled    on    his    face    after  i] 

Wciland,  during  the  stay  of  Di 
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complaisance  to  permit  his  head  to  be  modelled  entire.  Craaiology. 
The  writer  of  this  article  adds^  that  if.  craniology  should 
coDtiniie  to  be  fashionably  ia  Germany^  it  will  be  but  a 
point  of  common  prudence  in  all  celebrated  men  to  follow 
this  example,  in.  order  that  their  craniums  may  be  suflered 
to  remain  in  their  graves.  The  same  artist,  Klauer,  his 
executed  in  plaster  a  cranium,  furnished  with  all  the  pro- 
tuberances and  organs  for  the  use  of  students  of  the  theory 
of  Dr.  Gall.  ^ 

We  also  learn,  that  Dr.  Kelch,  professor  of  anatomy, 
at  Konigsbcrg,  has  examined  the  cranium  of  the  celebrated 
Kant,  and  finds  that  it  is  amply  provided  with  all  the  pro- 
tuberances and  indentations  which  Dr.  Gall  has  announced 
as  indicative  of  the  talents  which  that  German  philosopher 
has  displayed.  *  * 


».     •• 


Greek  Manuscripts  probably  existing  in  Russia, 

The  St.  Petersburgische  Monathschrift,  a  monthly  Journal,' 
published  in  the  capital  of  the  Russian  empire,   contains  •oJS?^®'*^ 
article  which  is  highly  interesting  to  literature.     It  relates  totecoveradia 
fhc  progress  of  knowledge  and  civilisation  in  Russia,  from  the^^"**** 
earliest  ages  to  the  time  of  Peter  the  Great.  The  most  striking 
part,  b  that  in  which  considerable  hopes  are  entertained  that' 
some  of  the  Greek  manuscripts,  which  are  supposed  to  be  lost, 
will  b^  recovered  in  that  empire.     Kotzebue,  in  his  periodical 
work,  gives  the  following  abridged  account. 

Jaroslas  I.  son  of  the  gr^t  Waladimir,  caused   a  great  NamtlverMl 
number  of  learned  men  to  come  from  Greece,  and  employed  P^"*8  th«k 
them  to  translate  into  Sclavonian  those  Greek  books  of  which 
(he  originals  were  at  Kiow,  in  the  church  of  St.  Sophia.     Con- 
tftantine  was  so'  much  attached  to  the  sciences,  that  he  pos-  ' 
sessed  more  than  a  thousand  Greek  manuscript8,many  of  which 
lA'ere  translated  by  his  orders  into  Sclavonian,  and  distributed  ' 
in  the  schools.     Alexis  Michalowitz  being  desirous  of  com- 
paring the  translations  with  the  text,  purchased  in  Greece, 
particulariy  at  Mount  Athos,  about  Awe  hundred  manuscripts^ 
vrbich  are  still  at  Moscow,  in  the  library  of  the  Synod.     If  it 
be  allowed  that'  this  last  collection  may  consist  almost  to* 
tally  of  bibles^  or  the  worki  of  the  fathers,  it  may  nevertheless 
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life  nketl,  witb  Blr.  Kuteobaf. 
Kiipts  ceDectctt  by  Cumtantiiie 
what  may  have  bcrrjini'  of  lUu 
MhoolK  r  and  whcthLT  the  MM 
Jaroslaa  I.  be  uut  utilt  id  tiic  • 
desire  exprmwd  by  'th»  Icam 
veiiti  in  Russia  might  be  ordere 
libraries,  will  be  gmcerelj  adopt 
ture.  It  ii  more  than  probat 
nAiuia  of  Greek  lilcnbire  woul 


TO    COXKE! 

From  tkt  great  acctuwn  rfOri^ 
mteatary    U  take  mtice  if  sevei 
not  httn  'imrneiiaulj/  inserted ; 
tie  next  and  the  Sofflemetitary 

1,  Axamt  ef  the  Treatmmt 
ingt  rf  Furvacts  :  Bf  Mr,  John 
the.  Ciaimi  tf  Bnherl  Ihoke,  H, 
the  frineipai  lavttiiisiu  m  Cbmi- 
^  Editiburgb. — 3.  JVrcv  Ex^er 
Heal  in  Liquids ;  wib  a  J), 
if  Rumfirii.^^.  Exferiments  a, 
thus  of  the  Partielts  of  0'aier 
Count  ef  Bumfird.^S.  tUniar, 
By  David  Brewtttr,  A.  M.  . 
vu  that  be  has  laUfy  miented 
measuring  distances  from  two 
Jacilily  and  accuracy  — 6,  A  j 
Ji»  IJeulntant  WiUiani  Collin 
firtm  H.  B.  K.  OH  Galvanic  ana 
Sfectdationi  from _a  Correspendti 
in  the  Sfecifif  Gratilies  of  JPe 
ntw  Mttbad  of  rrnderirtg  the  yi 
an  HeUca!  Spiing  etjual  In  Dur 
An  Iniprvtumnt  in  tbt  inflamitai 
Sjngtr. 
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body  fotiii  a  conliiiucd  afccnding  curtrol,  which  ( 
whole  of  ibe  hent   imitiediiitcly  towards  the   Mirfscr  of  flic 
liquid  ;  so  liiai  tiic  srrHta  vf  the  liquid  citualcd  ai  a  small  ilit- 
tance  under  the  hot  body  art:  not  scn^hly  h^alct)  by  ii. 
A  cold  Hwly  When  a  solid  body  is  ptunced  in  a  liquid  nhich  is  hotter 

f.»ls  ■  iiquiJ    than  the  body,  llie  pariiclt's  of  the  liquid  in  contact  with  the 
It  upn-sKla.     hoily  being  conJetiBtd  by  the  cooling  they  undergo,  dwcnil  in 
conwquence  of  the  incn-nsc  of  iheir  specific  gravity,  and  fall  to 
the  bottom  of  the  liquid ;  and  tlic  strata  siluutcd   above  the 
level  of  t!ie  cold  body  are  not  cooled  by  it  iininedJately. 
It  is  true,  that  tlie  viscosity  of  liquids,  even  of  those  ihich 
^rp'ir-  P"^^^^  ^'"^  highest  known  degree  of  fluidity,  is  still  much  loo 
IK        great  to  allow  one  of  their  partidi:s  individually  being  RioTed 
^  '■  out  of  its  place  by  any  change  of  spcci6c  gravity  occHsioucd 
by  heat  or  cold ;  yel  this  docs  not  prevent  currents  from  being 
formed  in  the  manner  above  desci^bcd,  by  small  masses  of  the 
liquid  composed  of  a  great  number  of  such  particles. 
I  in  ■        The  existence  of  currents  in  the  ordinary  cases  of  the  heal- 
ing and  cooling  of  liquids,  cannot  any  longer  be  called  in  ques- 
tion ;  but  philosophers  are  not  yet  a^eed  with  respect  lo  the 
extent  of  the  effects  produced  by  those  eiirrenls, 
inductorsand      In  tteaiing  of  abstruse  suLjccls,  it  is  indispensably  necessary 
to  Gx.  H-iih  precision  the  ciiact  meaning  of  Ibe  ^ords  we  em- 
ploy.    Tlie  distinction  established    beiwevn  cwidvclon  and 
non-condiitlori  of  heal  is  too  vague   not  to  Kland  in    need  of 
explanation.     An  example  will  shew  the  ambiguity  of  [hew 
espresso  ns. 
Inftiinpe  of  If  tn"o  equal  cubes  of  any  Solid  matter,  copper  for  inslaocr, 

J^"  "*°«""-  of  two  inches  in  dinmcter,  the  one  at  the  temperature  6(f,  the 
other  at  lOiT,  be  placud   one  nbove  the  other ;  the  cold  cabe 
will  he  heated  by  the  hot  one,  and  this  last  will  be  cooled. 
— ihroughu  If  the  cold  cube  be  placed  ujmn  a  table,  and  its  upper  sui- 

■""^'''■"  P"^ '  face  covered  by  a  large  plate  of  melal.  of  silver  for  instance 
aquarter  of  an  inch  thick,  and  ifthe  hot  cube  be  placed  upon 
this  pUle,  iminediately  above  tlie  cold  cube,  the  heat  will  de- 
scend through  the  metallic  plate  with  a  certain  degree  of  facili- 
ty, and  uill  heat  the  cold  cube. 
— morpsloiiiy       'fi  dry  board,  of  the  same  Ihicknes  with    ific  metallic 
boarol'*'  '         '''''^'''  ""^  s"'»''"'t^''  'n  '•*  Plaw.  the  heat  will  descend  throui-h 
the  HOod,  but  with  much  less  celerity  than  through  the  plate 
of  *i]vcr. 
L  But 
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ARTICLE  I. 

Ingviries  concenting  the  Mode  of  the  Propagation  of  Heat  in, 
LiqvidB.  By  Benjamin  Count  of  Rvmford,  F^RJS. 
Head  at  the  Katicmal  Institute  of  France^  9th  June^  ISOSm 
Trmnslaied by  Vf,CAT}^LL» 

JL  HE  motions  in  fluids  which  result  from  a  change  in  their  Motion  of 
temperature,  give  rise  to  so  great  a  number  of  phenomena^  ^"'^^ 
that  philosophers  cannot  bestow  too  much  pains  in  investiga- 
ting that  interesting  branch  of  knowledge. 

When  heat  is.pn^gated  in  solid  bodies,  it  passes  from  par-  PMnge  of 
tide  to  particle^  dc  procie  en  proche^  and  apparently  with  Ae  J^lJ^'""*^ 
same  celerity  in  every  direction ;  but  it  is  certain  that  heat  is      ,  .•       ,. 
not  transmitted  in  the  wune  manner  in  fluids. 

^Vben  a  solid  tody  is  heated  and  plunged  m  a  cold  liquid,  An  haftted  so- 
the  particles  of  the  liquid  in  contact  with  the  body  being  rare-  H^f^^^^^ 
fied  fay  the  heat  that  they  receive  from  it,  and  being  rendered  downwardf. 
spedfically  lighter  than  the  surrounding  particles,  are  forced  to 
g^a  place  to  these  last  and  to  rise  to  the  surface  of  the  liquid  ; 
and  die  cold  particles  that  replace  them  at  the  surface  of  the  hot    ' 
body,  being  in  their  turn  heated,  rarefied,  and  forced  up ;  all 
the  particles  thus  heated  by  a  successive  contact  with  the  hot 
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cIm  i  ani  it  is  certain,  if  Ihis  conJKlure  is  fonndMl, 
inust  necMsarily  becomt  Conductors  of  h<*l  (thiiish  »eiy  i»- 
perfect  one*)  in  all  ca*e=  where  ibis  raiibilily  of  thrir  parnds 
ii  dntro^ed,  as  well  a»  in  the«e  rare  but  yet  posnble  rswi, 
wiioro  a  change  of  lemjKTaHirc-  can  tak<^  place  in  k  liquid  with- 
out Riving  its  panicles  any  Icuilency  to  move,  or  to  be  morei 
out  of  their  places. 
h^llnrdinary  Thu  unequivocal  tbbuIm  of  a  great  many  esp<"rimctits  haw 
shewn,  that  in  ordinary  cases,  and  perhaps  in  all  cases  wliere 
beat  is  propagated  in  cooKiderable  mastei  of  ftuicls,  its  di<iri- 
bulion  h  accompli  shed  precisely  in  the  manner  that  the  new 
theory  sujiposcs,  that  is  tosay,  by  currents.  And  it  is  certaia 
that  the  knowledge  of  that  feet  has  enabled  us  to  explain  in  a 
satisfactory  manner  several  interesting  phenomena  of  nature, 
which  before  were  enveloped  in  much  obscurily- 

AMien  a  hot  solid  body  is  plunged  in  a  cold  liquid,  there  can 
be  no  doubt  concerning  the  existence  of  the  vertical  ascetuiin^ 
«  formed  in  the  liquid,  and  which  convey  to 
'  tiie  surface  the  heal  which  its  particles  hare  received ;  but 
Hiili  respect  to  the  strata  of  liquid  situated  under  the  hot  body, 
art  they,  or  are  Ihey  not  heated  bg  thit  body,  by  mranMof  b 
direet  conimmiration  of  heat  from  above  doanaards.  fnm 
particle  to  parficfe,  thtse  parlictei  renaming  at  their  placet  f 
This  is  a  question  on  which  philosophers  are  not  yet  aprctd.  At 
it  is  a  question  of  great  importance,  I  have  long  meditated  on 
the  means  of  deciding  it ;  and  after  several  unsuccessful 
attempts,  I  have  at  lost  succeeded  in  making  an  experiaeDt 
which  I  think  is  decisive. 

As  the  apparatus  which  I  used  for  this  experiraent,  and 
which  I  have  the  honour  of  laying  before  the  assembly,  is 
somewhat  eomplicalcd  ;  and  a;  it  is  indispensably  necessary  to 
be  intimately  acquainted  with  it,  in  order  to  torm  ajudgmeni 
concerning  the  degree  of  confidence  which  the  rcvulls  of  ihe 
experiment  may  deserve,  it  is  necessary  to  give  a  detailed  des- 
cription of  this  machinerj'.  The  annexed  figuregivet  a  distina 
representation  of  its  principal  parts.  It  is  drawn  on  a  scale 
of  a  quarter  of  an  inch  to  the  inch,  English  ineauirc. 

A  B,  Fig.  2,  Plate  X.  is  a  board,  of  oak,  seen  in  profile ;  i|  is 
1  i  inch  thick,  1 8  inches  long,  and  1 1  inches  in  breadth,  (t 
term  to  support  two  square  upright  pillars,  CC,  16;  iacbis 
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in  heigh tp  and  1^  inch  square.    They  are  firmly  fixed  in  the  Appafmtoffor 
board,   at  the  distance  oi  II  inches  asunder,  and  serve  to^J^""*"    ^ 
sapport  the  two  cross-pieces,  D  £,  F  G,  at  different  heights. 

These  cross-pieces  are  each  pierced  with  two  square  holes, 
at  the  distance  of  1 1  inches  one  from  the  other,  into  which 
the  upright  pillars,  C  C,  enter,  and  the  cross-pieces  are  sup- 
ported at  any  height  that  is  required,  by  means  of  a  screw 
lii  cumpression.    Thetie  screws  are  represented  in  the  figure. 

The  cros»-piece,  FG,  which  is  represented  in  profile,  is  17 
inches  in  length,  and  H  inch  thick,  and  3  inches  in  breadth. 
It  is  pierced  in  the  middle  by  a  cylindrical  hole  of  2  inches  in 
diameter. 

The  cross-piece,  D  E,  is  17  inches  in  length,  by  1^  inch  in 
thickness.  It  is  3  inches  wide  at  each  end,  and  6  inches  in 
tile  middle,  where  it  is  pierced  by  a  circular  hole  5  inches  in 
diameter.  i 

The  cross-piece,  D  E,  serves  to  support  the  annular  vessel, 
H  If  of  which  a  vertical  section,  passing  through  its  axis,  is 
aeeu  in  the  figure.  This  vessel,  formed  of  thin  brass  plates,  is 
5  inches  in  diameter  without,  3  inches  in  diameter  within,  and 
$7i  inches  in  depth.  I'bis  vessel  is  filled  with  water  during 
the  experiments  to  the  height  of  2i  inches ;  and  its  form  is 
such,  that  if  the  water  that  it  contains  were  froien  into  a  solid 
inass  of  ice,  this  piece  of  ice  would  have  the  form  of  a  tube, 
or  perforated  cyhnder,  of  one  inch  in  thickness  and  2^  inches 
high,  by  5  inches  in  diameter  without.  Its  cylindrical 
cavity  would  be  precisely  3  inches  in  diameter. 

K  L  is  a  vertical  and  central  section  of  a  cylindrical  vessel 
pf  tin,  of  10  inches  in  diameter,  by  4^  inches  in  depth.  It  is 
filled  with  water  to  the  height  of  four  inches,  as  it  is  seen  in 
the  figure* 

The  cmss-piece,  D  E,  is  placed  at  such  a  hei^t  that  the 
bottom  of  the  annular  vessel,  H  I,  is  plunged  a  quarter  of  an 
inch  under  the  surfiice  of  the  water  contained  in  the  greet 
cylindrical  veesel,  KL. 

In  the  axis  of  this  last  vessel  is  placed  a  small  hemispherical 
cup  of  wood  2  inches  in  diameter  without,  and  half  an  inch 
thick.  It  is  kept  in  its  place  by  a  short  vertical  tube  of  tin, 
soldered  to  the  bottom  of  the  cylindrical  vessel,  KL,  into 
which  the  stalk  of  the  cop  fits  tightly. 

The 
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Tlie  middle  ot  the  cavity  of  This  cup  is  occui* 
"'of  a  small  mercurial  thcmiomeler  of  peat  s 
tiibv,  which  hu  an  ivi>ry  scalt!,  16  l^id  tibw 
and  tixed  in  one  aide  ol'  the  cup,  through  uliicb  the  lube 
passrs,  in  6vich  a  manner  that  the  lowest  ])art  of  the  bulbil 
«kvated  -f'l,  nf  iin  inch  above  the  botlnm  of  lti«  t-up.  The 
diameter  iii  the  bulb  bein^  x\  ^^  an  inch,  aud  lh«  h«niH{Aen- 
cal  cup  having  i  inch  oi  radius  within,  it  is  otidenl  that  iSt 
iipi>er  |iart  ol  the  bulb  is  ^y  of  an  inch  below  the  Itxel  of  ibs 
lifirn  of  the  cup  iliat  contains  it.  Ti>  avoid  chnrgii^  the  ^art 
with  too  many  details,  the  »calc  nf  die  themionioleT  n  oa 
drawn,  but  liie  tube  is  disiiuclly  represented. 

'ilie  horizontal  cross-piece,  FG,  serves  to  ■apportaraj 
eucntial  part  of  the  apparatus  which  remains  Ui  be  dcfciibcd. 

This  cross-piece  supports,  in  the  first  place,  a  vertical  tab 
of  wood,  M,  6  A  inches  in  length,  and  2  inches  in  dianuHr 
without.  Its  interior  diameter  is  1^,  inch.  This  UAe  a 
supported  by  a  projecting  collar  (represented  in  the  Sga^ 
2f  inches  in  diameter,  which  rests  on  th<^  crat»-piec«,  FG. 
It  is  a  vertical  tmd  central  section  of  (his  tube  that  is  cepronfr 
ed  in  the  figure;  and  it  is  liutled,  in  onli;[  to  dtttioguidiit 
irnm  ihi-  surrounding  parts  of  the  apparatus. 

The  lower  pan  of  this  lube  is  plunged  i%  of  an  tncii  WmIr 
the  Mirface  of  the  water  in  the  large  cylindrical  vcs^,  K  L;  aoJ 
it  is  placed  precisely  above  the  uooden  cup  in  the  prolongptits 
of  its  axis,  thelower  extremity  of  the  tube  being  at  t)ie  disUMi 
of  7';  °^  '1  ''><^h  above  the  horixunul  level  ul  tlic  brim  of  lb 
cup. 

On  the  lop  of  the  tube  of  wood  is  placed  a  cylindrical  rtt^ 
VO,  of  sheet  brass,  3  inches  in  dLameier,  ■2^  iocbesliigh; 
which  lax  a  lateral  spout,  P  Q,  placed  a  little  aJiove  the  level 
of -Is  b&ttom. 

t'l'ira  the  middle  of  the  bottom  nf  this  vessel  ikere  detccnA 
M.  cylindrical  tube  of  brass,  6  inches  in  length,  and  I  inch  ■■ 
diameter,  which  ends  below  in  a  hollow  c<itiical  point,  at  re- 
presented in  the  figure. 

R  S  is  a  vertical  and  central  section  of  a  funopl  nf  btatt,  whid 
ends  below  iu  a  cylindrical  tube  of  -f,  of  an  inch  in 
and  6  f\  niches  long.     This  funnel  is  kept  in  US  pl«< 
axis  of  the  cylindrical  vessel,  NO,  by  the  exact  tiltinit  of  ib 
upper  edge  upon  ibat  of  the  vessel  into  which  it  i»  adjusted.^' 


i 
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The  lower  end  of  the  tube  of  tliis  fiiDiiel  is  Mfrrounded  by  a  Apparatus  for 
^  |piO|ecting  edge,  or  dancii,  in  the  fonn  of  a  hollow  inverted  fl^^"*** 
~^  cone.     The  diameter  of  this  conical  projectinjz;  brim  above,  at 
^;ib  base;  is  ,"7  of  an  inch,  and  it  is  soldered  below  to  the  end 
«f  the  tube. 

When  hot  Virater  is  poured  into  the  funnel,  this  liquid,  de- 
•oending  by  the  tube  of  the  funnel,  strikes  against  the  inner 
jorfitce  of  the  hdllow  inverted  cone,  which  terminates  the  ver- 
tical tube  that  belongs  to  the  vessel,  N  O,  and  then  rising  up 
Ikroiigh  this  la^t  tube  into  that  vessel,  it  runs  otf  by  its  spout* 
it  was  with  a  view  to  force  this  water  to  come  into  more  inti' 
mmte  contact  with  the  hollow  cone,  that  the  projecting  edge,  in 
form  of  an  inverted  cooe,  was  added  to  the  lower  end  of  the 
tube  of  the  funnel. 

The  object  chiefly  in  view  in  the  arrangement  of  this  appa^- 
rtttoSy  was  to  give  to  the  conical  point  which  terminates  the 
Vertical  tube  of  the  vessel,  NO,  an  elevated  temperature, 
which  should  remain  constant  during  some  time,  for  the  pur- 
Ikne  of  observing  if  the  heat,  which  must  necessarily  be  com- 
municated by  this  metallic  point  to  the  small  quantity  of  water 
with  which  it  is  in  contact,  and  which  is  confined  in  the  lower 
part  of  the  W€K>den  tube,  M,  would  descend,  or  not^  to  the 
thermometer  which  was  placed  in  the  wooden  cup. 

There  was  still  one  source  of  error  and  incertitude  against 
which  it  was  necessary  to  guard.  The  heat  communicated 
through  the  sides  of  the  wooden  tube  to  the  water  contained  in 
the  great  cylindrical  vessel,  KL,  might  be  transported  to  the 
sides  of  that  vessel,  and  being  then  communicated  from  above 
downwards  through  these  sides,  might  heat  successively  the 
lower  strata  of  the  liquid,  and  at  last  that  stratum  in  which 
the  thermometer  was. 

It  was  to  prevent  this,  that  the  annular  vessel,  H I^  was 
used ;   and  it  performed  its  office  in  the  following  manner. 

The  particles  of  water  contained  in  the  great  vessel,  K  L, 
which,  being  in  contact  with  the  exterior  surface  of  the  wooden 
tube,  were  heated  by  that  tube,  could  not  fail  to  rise  to  the 
surfoce,  and  there  they  necessarily  came  into  contact  with  the 
interior  sides  of  the  annular  vessel  to  which  they  communica- 
ted the  excess  of  heat  they  had  received  from  the  wooden  tube. 

This 
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lYiii  heat,  paMJng  rMdily  Ihi 
llwi  v«kI,  wu  given  <4F  at  ha 
licle*  of  cold  water  contaibed  ii 
tact  with  iu  aidat  aad  thMe  pi 
tlie  water  cohtained  in  the  ani 
their  acquired  faeat  and  levity, 
the  wooden  tube  to  ttie  iidei 
interrapted;  and  all  the  hea 
■idea  of  the  woodeti  tnbe  wai  b 
Boch  a  manner  Aat  it  could  no 
the  experiment,  nor  aflect  tke  c 
Before  I  proceed  to  giv«  aa  a 
quiry,  I  iball  take  the  liberty  t< 
Kmbty  to  the  moat  importaot 
nient. 
T,  WM  On  pouring  belling  water  in 
i^b^to"  into  the  funnel,  the  hollow  con 
HianporUon  of  vertical  tube  belonging  to  the 
kept  at  a  conalant  tcmperatui 
water, 

SflS^ll.     Thj.p<»»t.».n™ii«fcdb, 
ivL    ProThioo  tained  in  the  cavity  of  the  lowe: 

beJDgcuTiad  the  aurrounding  cold  water,  bt 
■idta'^lM  res-  *^  aides  of  the  wooden  tube,  it 
Ml.  A  Umt'  hot  in  a  ahort  time. 
TmaU  ifattn'e  •*"'  '*''■  *™""  quantity  irf  h< 
b*io*  will  not  a  stratum  of  cold  water,  whicl 
the  thenn(»neter,  placed  direct 
only  hair  an  inch. 

If  heat  could  paia  in  dw  wa 
would  no  doabt  pati  from  tbi 
contained  in  the  open  end  of  tl 
the  thermometer,  which  lay  in 
small  a  diatance. 

Three  experimenta  were  roi 
alwaya  with  exactly  the  aame  r 
of  boiling  water  was  poured  into 
In  tbe  aecood,  during  IS  minnt 
minuter 
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The  thermometer,  nhoM  bulb  was  in  the  wooden  cup,  re- 
Inwnett  nt  pcrftct  rrtt  from  the  bediming  of  the  experiment  to 
the  cud  of  it,  without  shewing  the  slightest  sign  of  beijig  in 
any  way  afTected  by  the  hot  wcter  which  was  so  near  it. 

These  experiments  were  mailo  nt  Munich,  in  tbc  month  of 
July  1805,  the  temperature  of  the  air  and  of  the  water  con- 
tained in  the  vessel,  KL,  being  Tii"  Fareuh. 

A  small  t  her  mo  meter,  placed  in  the  watcff  contained  in  the 
annular  vessel,  H  1,  in  such  a  manner  that  its  bulb  was  scarce- 
ly submerged,  marked  that  this  water  had  received  a  little 
heat  ill  each  of  the  three  experiments. 

Another  similar  thermometer,  placed  in  the  water  contain- 
ed in  the  large  vessel,  KL,  immediately  under  its  surface  and 
near  one  side  of  the  vessel,  shewed  that  this  water  had  not  ac- 
quired any  seniiible  increase  of  temperature  during  the  experi- 
ments. 

From  the  results  of  these  experiments  we  are  authorized  to  Tbe  ezpof- 
conclude,  that  licat  does  not  descend  in  water  to  a  sensible™™**''"*^ 
distance,  in  cases  where  the  particles  of  tbe  liquid  which  re*  pan  duiTD- 
ceive  beat  are  exposed  to  be  displaced  and  forced  upwards  by  T"^  A'"  "''™ 
the  surrounding  colder  and  denser  particles ;  that  is  to  say,  in  Ute. 
all  the  cases  (and  they  are  the  most  common)  where  heat  is 
applied  to  the  strata  of  the  liquid  situated  under  its  surface.       , 

But  the  results  of  the  experiments  in  question  do  not  prove  BottbcydoiNt 
(hat  heat  cannot  in  any  case  descend  in  water ;  and  still  less  g^^.tfnot 
can  it  be  inferred  from  them,  that  all  direct  communication  of  condoct  dirtet- 
beat,  in  this  liquid,   from  paiticle  to  particle,    de prgcAe  en  ^* 
proiAe,  is  impossible.  They  do  not  even  prove  that  heat  did  not 
descend,  lo  a  imall  distance,  below  the  Iwcl  of  the  end  of  the 
wooden  tube,  in  these  experimenls ;   for  it  is  certain  that  that 
event  could  take  place  without  the  iherniomeler,  which  was 
situated  a  Irttlc  lower,  b^^iii^  in  any  wu^  affected  hy  that  heat. 

The  particles  nf   water,    situated  «f  a  very  small  distance  The  Auidibore 
below   (he  level  of   the   loHerendi.f   the  wooden  tube,    being ,'^^"^"^11^" 
Tieatcd  by  .the  stratum   of  hot  water  which  rested  imn>ediately  qaku'int. 
on  lliero,  might  have  been  displaced  by  the  surrounding  colder 
and  denser  panicles,   and  forced  to  rise  to  the  surface;  and 
these  last  being  in  their  turn  heated,  forced  upwarifs  and  re- 
placed by  other  cold  particles,  it  is  evident  that  the  beat  could 
not  make  its  way  doHnnards  so  far  as  to  arrive  at  the  thermo- 

Voi,.  XIV.— Sei-tebier,  1806.  Aaa  meter 


362  tAIMfll  Of  BBAT  tl 

meter  through  a  tf  ratum  of  lii|nid 

mt,   mat  iM*eitlielen  in  part  a 

were  contiouatly  chsn^ng. 

Opinion  al  the      I  have  lo(%  Biupected  thftt  iIm 

mtiihor  thatthu  ^\na  comiBDnicktioii  of  heM  bel 

imperfect  coo-     ,  .    . ,      ,  ,  ,  ,  , 

dueuiK  puwei  of  IliMd*  depend!  solely  on  the  gi 
of  flniani  pirt  (tea  a  note,  p.  J02,  torn.  ii. 
inability  uf  London,  1800) ;  and  if  thu  iiu 
ihBir  puu.         certain  that  when  Aa  mohility  ce 

ob  it  miut  ceato  likewise, 

KotofUicir  When  I  ipeak  of  the  nohilitj 

Pjrticira;  bai    jBiongit  wch  Other,  1  am  very  fi 

tioM  or  pit*.    ^)  nDV  ■uppouug  that  udividua 

tioD.    I  WW  (ormertj  of  that  opii 

TfitigBtioii  of  the  phenomeoa  hi 

niitaken.    But  although  one  kidi 

never  be  put  in  motion  in  conK<| 

cific  gravity  oecuioned  by  •  clwi 

cannot  happen  to  a  single  particl 

ceMaiily,  happen  to  unall  maaso 

{feat   number  of   these  particV 

fftned  by  the  cnrrmt*  which  are 

Mel  of  a  hot  or  cold  body  plunge 

Die  ruLrticle*        1^  force  by  which  the  partic! 

offluidiha«    igTcrygreat;  and  it  is  more  than 

miKbadbeticui.    ,  .  , 

of  many  vei^  mteresCing  pbenoiu 

the  suspenaion  of  the  beary  bod* 

■o  frequently  hold  in  tolution. 

B(bnuU  ef  ita       From  the  result  of  an  experim 

qiKutlty.  ^^^  j„  „rjg^  „,  determine  the  m 

want  of  perfect  fluidity  in  watei 

Tarenh.  I  found  reason  to  conclu 

Muface  equal    to   368   square  i 

only  one  grain  troy  more  than  an 

remain  suspended  in  that  liquid 

easy  to  find  by  ralculalion,  whm 

« 1  a  small  solid  spherule  of  the  hei 

stance,  Jo  order  to  its  retnaiDii:^ 

quence  of  ths  vitcouty  of  thtt  liq 
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Hairing  made  this  calculation,  in  order  to  satisfy  tny  curi-  SpHemie  of 
oiuty,  I  fonnd  that  a  Solid  spherule  of  pure  gold,  of  the  dian)e»  ^^  not  woik 
ter  of  tt^.Vtt  (or  exactly  t7iSt7  of  an  inch),  ought  to  re-  ia  wattn 
main  suspended  in  water  in  consequence  of  the  adhesion  of 
the  particles  of  that  liquid  to  each  other.     But  I  shall  return 
to  this  subject  on  a  future  occasion. 


^n  Account  of  the  Invention  of  the  Balance  Springs  and  the 
Determination  of  the  Condition  ttf  its  Isochronism  in  wide 
end  narrow  FibratianSf  by  Robert  Hooke^  in  the  l6th  Cen* 
iwy^  and  of  the Jirtt  free  Eecapement  by  Du  Tertre;  toge* 
iher  with  varunu  other  Historical  DetaUs  relative  to  Time* 
pieces.  In  a  Letter  from  Mr,  Thomas  Reid  if 
kwrgh. 

To  Mr.  NICHOLSON. 
SIR, 


I 


N  your  Jeumals  of  late,  I  see  yon  have  given  an  account  lt«fefeBca  t* 
^  the  detiMhed  'scapement,  such  as  it  is  now  generally  ap-  £^|J^2^ 
plied  to  chronometers  or  timekeepers,  and  also  of  the  differ^  tuwqpMMk 
ent  forms,  and  the  properties  of  the  pendulum  spring,  both  as 
eaplained  by  Messrs.  Arnold  and  Eamshaw  to  the  Honourabto 
Board  of  Longitude. 

I  beg  you  will  allow  me,  dirou^^  the  channel  of  your  in-  Robert  Hoo1m!» 
ceresting  and  useful  Journal,  to  give  you  some  account  of  the  f^  ^SSSum' 
invention  of  the  pendulum  spring  and  of  its  properties,  by  their  wpvm%  nigaiilf 
author,  our  countryman,  the  celebrated  Dr.  Hooke.    I  have  *>4ii*^^*d. 
been  often  provoked  to  see  his  name  so  much  kept  in  the  batk* 
ground  in  ii^gard  to  these  matters,  and  particularly  by  foreign 
artists,  who,  whenever  they  have  occasion  to  speak  or  maka 
mention  of  the  pendulum  spring,  etnter  much  on  the  merits  of 
4liis  important  invention,  and  are  full  of  enthusiasm  in  praise 
itf  M.  Huyglhens,  for  having  made  this  wonderful  discovery. 
M.  Huygjhena  was  undoubtedly  one  of  the  most  profouiid  geo-  HnrgheiA 
nuitricians  that  any  age  has  produced,  and  Dr.  Hooke  must  J^^I^hqt- 
certainly  be  allowed  to  hate  been  one  of  the  greatest  mechani-  gbeas'  ciato 
ciaas}  a  bare  xecital  of  whose  mechanical  inventions  are  off^^**^^^ 

A  a  a  2  themsdvea 
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;'.  j>:-  sufficient  to  fprra  a  catalogue.     Dr.  Hooke 
•       .-  'a.  m,   even  by  foreigners,  to  have  been  the  first 

v,  >  ^/<>nduluin  spring  to  the  balance  of  a  watch; 

Lu.  ^<  y  vvns  straight  in  its  forra,  and  that  it  was  M. 

Ku.L,  t    '  atierwanls  made  the  great  inprcvenicnt  in  it, 

or   idih'T  ■:    •  iited   it,    by  tliut  of  giving   it  the  spiral  fonn. 
Thib  iJ.vM  .     I.iis  bven  scrutinized  before,  and  the  dispute  which 
J)r.  liooke  had  witn  Mr.  Oldcnburgh  on  this  subject  is  veiy 
well  ki'm\p.     Yd  there  are  many  circumstances  that  secra  to 
ha^\e   l)ocn   overlooked,    which  carry  along  with   tL'?m   such 
stron«>  H~ciiments  in  favuuf  ot  Dr.  liookc,  that  I  am  much 
8urj)r.2eJ  iiow  they  have  been  passed  over  and  never  noticed 
by  nny  of  hi>  friends.     Had  M.  Huyghens  been  the  genuine 
invrr.fr r  ot  the  pendulum  spring,   which  I  confess,    from  aQ 
cir^Ul^l^:^.nces  t^keh  together,  1  think  there  are  strong  reasons 
to  conclude  agam.st ;  liad  he  been  really  the  inventor,  I  say, 
it  is  laicli  more  tdan  probable  that  he  would  have  seen  its 
proj^e.t.es  js  well  as  Dr.  llookc  did,  and  would  have  pub- 
lished them  ;   and  (his  ndciht  have  prevented  the  serious quar** 
rel  that  ;iltr;w;ir«.ts  took  place  between  two  very  celebrated  and 
rival   FrencL  anisis,   M.  Le  Roy   and  M.  Berthoud.     Ex' 
tracts  from  tlieiu  on  ihis  subject  of  quarrc]  I  shall ..^afterwardi 
give  you,   an-.:  j:i  the  meanti»ne  shall  state  Dr.  Hookc's  case, 
with  extracts  •  .mi  him;  which,  although  they  came  not  out 
fintjl  .imroeniately  ni:^:  M.  Muygiiens  had  published   his  ac<r 
count  of  the  pendulum  spring  about  the  years  l674  or  l675| 
are  sufficiently  conclusive      Dr.  IJooke  was  so   much  hurt 
with  it,  that  he  i^ave  such  a  full  account  of  his  cxperimentSt 
and  so  complete  a  demonstration  of  the  principle  or  propertiei 
of  springs,  that  it  is  evident,  that  the  subject  was  uot  new  to 
him. 
Qalileo inven-       It  is  necessary  to  pay  attention  to  dates.     Galileo  died  io 
commcn^led^     ^^^^»  ^^^  ^^^  S>^'en  an  account  of  the  equality  of  the  wi<te 
the  pendulum,  and  narrow  vibrations  of  the  {lendulum,  and  strongly  recom- 
mended it   to  astronomers,    as  infinitely  preferable   to  the 
balance,  which  they  were  attempting  to  use  in  their  observer 
tories.     Riccioli  pressed  this  matter  exceedingly  ;  and  it  eame 
into  general  use  as  a  measure  of  time,   the  astronomers  pa- 
tiently sitting  by  it  and  counting  the  vibrations. 
Rob«rtHoo]|^'«     In  l655,  Mr.   Robert  Hooke  came  to  Oxford  as  a  poor 
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sdiolar,  and  brouglit  with  him  a  number  of  mechanical  nick- 
Hacks  which  he  had  made  at  home.     His  mechanical  genhis 
soon  made  him  known  to  the  members  of  the  invisible  society 
there,  who  employed  him  to  work  for  them,  making  appara- 
tus for  their  experimeivts.     Dr.  Ward,  afterwards  Bii^hop  of 
Salisbury,  took  a  liking  to  him,  and  instructed  him  in  mathe-- 
matics  and  astronomy.     He  urged  him  to  try  his  mechanical 
genius  in  contriving;  a  'sca|)ement  pendulum.     It  would  appear 
that  they  found    the   'scapement  for  a   balance,   which   had 
long  been  in  use,  did  nut  answer,  probabl}"^  because  it  required 
▼ery  wide  vibrations,  which  were  found  not  so  equable ;   and 
Mr.  Hooke  invented  this  sometime  before  February  l€56i  for 
there  are  observations  of  a  solar  eclipse  made  in  that  month,  at 
Oxford,  by  a  pendulum  clock. 

Mr.  Hooke  got  Riccioli's  book  from  Dr.  Ward,  where  men-  Att<»nds  to 
tion  is  made  of  the  proposal  of  Gemma  Trisius  to  discover  the  tiuiekecpei;*. 
longitude  by  a  timekeeper;  this  he  immediately  proposed  to 
do  by  a  pendulum  clock.     But  it  is  very  remarkable,  that 
Ilooke  had  mathematics  enough  to  sec  that  even  the  smallest 
vibrations  were  not  isochronous  unless  of  equal  width,  although 
Galileo  had  asserted  that  no  difference  would   be  observed* 
Another  remarkable  instance  of  his  great  genius  is,  that  though 
then  only  twenty-one  years  of  age,  he  saw  that  ever)'  branch 
of  human  knowledge  had  a  system  of  its  own,  and  a  set  of 
principles  on  which  it  was  regularly  founded  ;  and  he  said  it  was 
only  by  studying  even  sftotmaking  in  this  way,  that  one  could 
be  certain  of  improving  it.     He  had  already  begun  to  form 
systems  on  the  ditferent  subjects  which  had  interested  him. 
^  called  them  algebras,  because  they  enabled  the  possessor  His  nyj^temi  for 
to  invent  and  discover  new  things  in   their  own  line  by  rule,  "V^^"^*^"*^'j!i^ 
and  with  certainty  of  succeeding.     Mechanics  always  was  his  bras, 
favourite;  and  his  mechanical  algebra,   or  method  of  me- 
chanic invention,  he  always  considered  as  his  greatest  trea-  , 
sure.     He  says  that^no  problem  could  be  proposed  to  him  in 
mechanics,  but  his  algebra  would  immediately  tell  whether  it 
was  possible,  and  would  put  him  and  keep  him  in  the  ri^^ht    ~ 
road   for  solving  it.     He  told   Dr.  Ward  that   his  algebra  ^ 

plaioly  showed  him,  that  the  only  thing  that  could  make  equal 
vibrations,  wa3  an  accelerating  force  proportional  to  the  dis-  He  ithows  the 

tance  from  the  place  of  rest,  and  this  was  not  true  even  of  the  'awof  isoehron- 

11  1         r  .,  -riiii  I  alTibration#; 

gmallest  arches  of  a  pendiUum.     But  he  had  not  mathematics 


■ftim-snit  fully 
Biterti^Tfd  by 
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onongli  to  dJKover  the  ejrcloid,  tl 
fa]  gncu  1  il,  and  one  of  the  bcsl 
hat  been  given.    He  uyt  that 
jou  could  niftka  the  pendulum  i 
Tbe  »niall  archn  Mt,  he,  cJ,  de,  J 
equal,  the  peiv«t)dicuW  hnght* 
muit  iiicrvaM  an  the  nuaben  1, 
■]y  itx  pniperty  of  ihe  cycl(n< 
aftenardii  b>  M.  Huygheu. 
wu  Bpectilming   on  ihu   lubjci 
been  at  Oxford,  kept  up  a  con 
there.     Huyghnu  being  a  cuui 
,     mventigated  the  motion  of  the  p( 
cooceivcd  the  project  of  gettmg  I 
latber  vna  a  m^mbrr  of  liie  Sta 
thii  very  year  that  they  nfiered  t 
b  ant  impmbablr  but  he  know  o 
The  tint  dork  a  mc-ans  of  procunng  thu  act  o 
w.aH^'"^.    ^''^^'  *■"  (""y*'«n*>  Pi«enteJ 
luiii.  clud)  (o  the  Slalet,   It  ii  not  in 

■an,  aiming  at  a  monopoly  and  i 
hU  lecrebi,  or  that  Mr.  JlcoLe, 
of  what  he  wai  doing.  It  i!>  mi 
menu  and  piujecit  of  the  curii 
never  made  any  secret  of  tbi-ir 
because  their  tncelings  were  in 
by  Cromwell'i  joldiers)  m^it 
know  for  certain  that  Mr.  Oldn 
cate  every  thing  to  his  countryn 
glteiti  at  this  time  thought  of  ih 
\KiH,  turn,  nor  for  several  yean  alter, 
about  for  a  force  proportionnl 
of  rest,  and  found, experimnti 
perlf.  He  kept  this  a  secret,  I 
following  cypher :  "er,ftt,no, 
wards  (in  1661)  explained,  "  I 
tension,  so  is  the  force.  He  t< 
secret  for  constructing  pocket  1 
sbumd  him  a  watch,  which  was 
within  half  a  minute  a  day  i  a  Ihi 
tben  known. 


lITTtVTIOK   or  TSX   BAIAVCE  tPBISO.  S&f 

ktmediately  ftftcrthe  Restoration,  Mr.  Boyle  rccommrtlde<t?(iaatlBti'ia  of 
i  Hookc  (o  the  Duke  of  York  (who  was  very  fond  of  s^g^My*  jtc. 
"n),  to  Lord  Broiincker,  aod  Sir  Robert  Moray,  the  moat 
Mill  at  lliat  t:mc  for  niuthematical  knowloilgc;  and  pro- 
posed to  Mr.  Hooke  to  apply  fur  a  patent,  Churiea  the  Second 
founded  the  Royal  Society,  and  enjoined  the  members  to  turn 
much  ot'  their  uticiilion  to  the  improvement  of  navigation,  antl 
cstabtiihed  the  Greennich  Ob<>prv3lory  fur  this  very  purpose; 
and  the  Parliament  decree<l  a.  reward  of  :£a000.     OLdeubuq^ 
became  secretary  of  the  Ruyitl  Society,  and  kept  a  cIok  cor- 
respondeuce  with  Ilujghens,    both  public  and  private;  and 
Huygheni  was  elected  member  in  l6(J2  or  1663.     He  was  in 
England  in  l663,  and  was  much  carfiiscd  by  all  the  learned, 
and  particularly  by  those  now  named.     During  all  this  lime 
there  was  not  the  least  mention  of  his  longitude  watches;  and 
.Uooke'swai  kept  ax^cret  for  reasons  now  to  be  explained. 
^Lliord  Brounckfir,  Sir  Robert  Moray,  and   Mr.  Boyle  were  Hutorr  of 
BpBuch  conviitred  of  the  auperioriiy  of  Hooke's  watches,  that  ""^f  li^. 
Bpy  Bided  him  in  procuring  a  patent.     A  warrant  for  one  wasi>iecei,*nd 
•ctually  siijncd  by  the  king's  orders  for  fourteen  years.'    Now  Lord'^Broiinc- 
thew  ibi^e  gentlemen  joined  with  Mr.  Hooke  in  (i.e  prosecn-  ker,  Sir  R. 
lion  of  the  affajr,  perhaps  contributing  the  money  wanted  for  n^, 
CBfrying  on  the  business  of  watcb-making  ;  and  it  was  then  that 
Mr.  Hooke  invented  the  engine  for  dividing  and  ciuting  clock 
»ad  watch  wheeU  now   in  universal    lue.     Mr.  Waller  had 
aeveiral  drafts  of  the  mutual  agieemeut,  with   various  changes 
of  the   terms.     It  appears  from  them,  that  the^e  genllemeit 
were  lu  procure  an  act  of  Paliament  for  a  duty  of  a  groat  per 
ion  on  ail   shipping  sailing  from  any  English   porL     And  it 
was  provided,  that  if  the  profits  should  exceed  £6000,  Hooke 
ms  to  have  three -fourths,  and  they  to  h»*e  the  remainder.     If 
il  Amounted  only  to  ^4000, be  wai>tu  get<mly  two-thirds,  &c. 
It  does  not  appear  that  all  this  while  that  Hooke  diselo'^d  hia 
•ecret  to  them,  further  than  by  subjecting  the  watch's  motion 
pifaeir  examination,  along  with  Bishop  Ward  and  Dr.  Pell. 


it  assuring  them  that  the  socrut  u 


d  in  the  cypher 


ich  he  had  long  ago  given  to  Mr.  Boyle.     liut  about  the 


p  This  patent  was  in  pMsetsion  of  Mr.  Wull«r,  secretary  o 
111  Society  in  1706. 
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He  diiclosed 


aften%'Brdf 
«nworthil]r 
treated. 


end  of  1660,  it  appears  that  thinjn  were  broiiglit  to  sur 
bearing  that  he  explained  the  cypher,  and  even  shown) 
con&truetion  of  the  watches.  For  in  the  register  of  tlic  R'» 
^rtT-'V^M  Society  it  is  recorded  that  Mr.  Hookc  had  exhibited  hhpa 
watches,  which  were  regulated  by  springs.  A  pocket  «a 
can  be  iroved  no  other  way  but  by  a  spring  ;  and  therefore 
word  regulated  must  undoubtedly  apply  or  refer  to  the  rr 
ialion  of  it  by  means  of  a  pendulum  spring.  But  the  assnc 
tion  now  broke  up.  The  three  <^nt1emen  insisted  on  vnotl 
condition,  that  if  they,  or  any  other  person,  should  remarkal 
improve  this  watch  by  any  new  principle  introduced  into 
they  should  be  at  liberty  to  enjoy  the  profits  of  the  imprc 
ment  even  during  the  currency  of  the  patent.  This  H<x 
flatly  refused,  saving,  that  if  once  he  showed  them  the  pHnci; 
it  was  easy  to  improve  on  it ;  and  he  himself  saw  several  i 
perfections  in  it,  arising  from  the  very  nature  of  metals,  whi 
he  was  labouring  to  remove ;  and  as  he  had  no  intention 
excluding  them  from  the  benefits  of  any  improvements  oft 
which  might  nerhaps  be  still  necessary  before  the  watch  1 
good  for  any  thing,  he  would  not  be  excluded  from  the  adM 
tages  of  any  other  improvements  made  on  his  invention.  Ii 
not  unlikely  that  he  had  thoughts  of  the  effects  of  heat  and  c< 
'on  the  watch,  and  was  thinking  of  adding  a  compensaiioD  pi< 
of  some  sort  or  other  to  it. 

By  this  means  theatlair  of  the  patent  broke  up  and  miscai 
ed;  Hookc  being  exceedingly  disgusted,  and  his  manners  bei 
extremely  ungracious  and  fretful,  probably  displeased  1 
partners  as  much.  He  became  extremely  close  and  jealc 
after  this. 

It  was  not  till  about  l674  or  l675,  that  Iluyghens  pc 
•Aiie  baLianoc  ^«**cd  his  discover)'  of  the  spiral  spring,  applying  both  toi 
•pring  by  Hiiy-  States  of  Holland^  and  the  Court  of  France,  for  such  an  cxt< 

fed  by  Haute-'  ^^^^  ^^  ^^  patent  as  should  comprehend   watches.     He  x 
feuilie.  opposed  from  all  quarters :  the  watchmakers  allowed  bim 

monoi>olizc  the  pendulum,  which  they  thought  he  had 
some  measure  invented ;  but  ihey  did  not  choose  bis  encroM 
ment  on  watches.  The  Abbe  Hautefeuille  had  also  discovei 
the  regulating  power  of  a  s>pring,  and  claimed  the  invintio 
his  opposition  was  so  effectual,  that  the  registration  of  1 
Freucb  patent  was  stopped^  but  the  Dutch  patcDt  was  coi 

pliu 


The  patent 
aprinj;  aban 
dened. 


Discloture  of 


I 


mtEXTioir  or  tiiz  baIanci  s^iljto. 

l>letcd,  and    M.  Huygheni  tried  all  mplhods  to  get    it  ex- 
iemled  to  England,  bul  it  was  ihi^re  oj.posr d.     M.  Lerbrnitz  J 

was  in  Paris  at  ihe  lime  of  lUi^lpri^uille's  process,  and  says  fl 

he  vAi  cast :  this  may  be  so,  unJ  still  the  puterT  miglit  not  V 

be  granted  to  M.  Iluyghen*. 

The  first  apiwarance  of  M.  Iluyghen^  clniin  was  abmil  Communici 
1665.  SirRybiTl  Moray,  in  a  letter  dated  0:<ford,  3Wh  of  j'^'„",' ""i 
September,  16"6'5,  to  Mr.  Olilenburph,  presumes,  tbal  from  OUenburuh. 
his  intimacy  witb  M.  Huy^liens,  he  will  be  among  the  fir^t 
to  hear  of  bis  watches,  and  desires  him  to  a^k  Idjo,  whether 
he  does  uot  apply  a  spring  to  the  arbur  uf  the  balance? 
This  will  bring  M.  Huyghens  lo  say  somelhinx  "f  the  mat- 
ter; and  if  you  find  from  his  answer  that  this  ii  the  case,  you 
may  then  tell  him  what  Mr,  Hooke  ha!  done  in  this  way, 
find  that  he  promises  still  more.  Heie  it  fl|ipears  thai 
Houkc's  secret  was  in  some  degree  known;  and  lUi  Sir  Itobect 
had  no  longer  any  interest  in  the  secret,  be  gives  Ulden- 
bargh  leave  to  commiinicate  it,  Hooke  complained  much 
to  the  Society  of  these  communications  of  their  secrelao'. 

From  this  account,  which  is  all  founded  on  well  auilienti-  b 

cated  facts,  and  does  no  great  honour  to  the  three  gentle-''''"""*'^. 
"  "  apjitan  TO  liktc 

men,  it  is  plain,  that    Hookc  had    invented  the    regulating  in^envrf  the 
Ipring  (w  early  as   l658  or   l659  ;  although  perhaps  he  had  ^"^'""^l^"' 
not  then  given  it  that  form  which  it  now  hears.      His  firal  befort  Hur- 
watches  were  fuijiishcd  with    two   cork-screw  or  cylindrical  Bl'^"*' 
jprings,'  which  acted  on  the  balance  arbor  by  a  silk  fibre  or 
thread  tupped  round  it.     It  is  extremely  probable  that  Huy- 
ghens  knew  of  Hooke's  discoveries  in  general,  although  it  can- 
not he  said  uiih  any  certainly  that  he  borrowed   or  slole  liie  ^h 
invention  from  him.     Yet  Hookc  frequently  charges  Lini  with                 ^^H 
this  theft,  but  without  being  Me  distineliy  tu  support   the              ^^^| 
charge,     Huyg|iens  did  not  publish  it    till    1675,  or  there-               ^^^ 

These  circumstances  I  think  fully  eslublibh  lloote*s  claim  Hooke  >Im  iti- 
to  the  invention  of  pendulum  or  balance  springs;  and  that  they  |^| 
■were  invented  by  him  like  a  man  of  science,  from  principle,  ii 
and  not  by  chance  discovered.  I  would  also  observe,  that  iVIr    ' 

"  Cylindrical  sptiugs  were  ased  by  Mr.  Ilarrisvi)  in  sinoe  of  his 
essay  timekeepers;    and  long  afierwaids,  Uie  laie  Jlr.  Arnold 
«btaiiied  a  patent  for  them. 
^Vw..  XIV.—SuprLEMENT,  I6O6.        Bbb  Hooke 
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KTKVTION    or   THS    IIAL4IiCC   SPK11I4. 


llouke  WHS  Utiig  b«-f<ir<.-  bim  in  the  iovrntion  nf  ihc  ctTmlar  or 
conical  (lomlulum,  *liitb  lie  iolruducetl  for  ptillowphic*!  pui- 
pows,  to  icpreseiit  llii'  louiionof  ihe  planets,  and  hai)  propotcd 
UiU  pciidoluin  rrgulnloJ  by  springs  instead  of  gravity,  foe  a 
time  incii&urer,  bcforr  ciilicr  lluyghens  or  himi^lf  thought  of 
ijic  buluncc  spiiiig,  ll  wus  to  coiuiii  of  two  balls,  A  B,  *x- 
aclly  balftiKcd  round  a.  centre,  C,  in  the  ax»,  C  D,  Fig.  3. 
PklcXl. :  uheii  this  was  jet  a  wli]rlin<;  round  the  axis  the 
halls  wciuld  fly  out  iit  rlj^it  angles  al  ooce,  but  ibcy  were  to 
be  pivt  eiitud  by  a  spring,  1^  V  G,  coJIlhI  round  the  centre,  G,* 
and  su  tapered  as  to  produce  an  isochronous  ciiculalimi,  al> 
thoiigb  tlic  maintaining  power  should  vary  the  width  of  the 
revolutions,  Tliis  was  exhibited  ut  Oxford,  in  l657t  bui  did 
not  answer ;  but  rt  shows  that  llookc  was  well  acquainted  with 
the  foreeaiid  theory  of  springs.  Nay,  in  l660,  be  published  Iiii 
Micrographia  ;  wlicre  there  is  occasionally  mentiotied  acurioui 
and  paradoxial  theory  (as  it  then  appeared)  about  the  forces 
being  as  the  sfjuares  of  the  velocities,  instancing  a  great  num- 
ber of  cases,  anmng  which  are  expressly  mentioned  bows  and 
other  ekstic  bodies,  whose  forces  arc  propottional  lu  their  len- 
Huoke, III liii  sions.  In  ifi'G,  Dr.  Iluuke  published  A  DticriptioH  (^ 
iwiUTBL^u  UelioKopet  end  same  other  Iiutrumnts,  lo  which  be  has  a 
1661,ejipliiaeil  Posticnpl ;  in  which,  among  other  things,  he  sayt,  "  At  the 
of  ^bIvTok"''  "  ^'^'CSt  importunity  of  a  dear  friend  of  mine  since  deceased, 
•pringiiu  tlm  "  I  did,  in  the  year  l664,  read  aei-eral  of  my  lirsi  Cutlerias 
leaAaioriL  "  '^ctures  Upon  that  subject  (meaning  the  longitude)  in  the  open 
vibmiiuna  "  'hall  nt  Gresham  College ;  at  which  were  present,  besides  a 
eju  in  ura-  t' great  Bumber  of  (he  Royal  Society,  many  strangers  unknown 
"  to  me.  1  there  shewed  the  ground  and  reason  of  that  applica- 
"  tionof  springs  to  the  balance  of  a  watch,  for  regulating  ilt 
*'  miitions,  and  explained  briefly  the  true  nature  and  principle 
"  of  sprinp,  to  shew  the  physical  and  geometrical  ground  of 
"  them.  Anil  I  explained  above  twekty  bevekal  wats 
"  by  which  springs  might  be  applied  to  do  the  same  thing,  and 

"  bow   the  VIBUATIONS    MlSItT    RBSOKECVIATEQ,  aslo 

"  tnake  their  durationseithcr  all  fjuo/,  or  the  greater,  SLOWER, 
"  or  QUtciLEK   than  the  less,  and  that  in  any  proportion  «»- 

*  Here  wC  sec  Ac  spiral  spring  applied  to  this  machine;  and  it 
would  be  no  difficult  matter,  after  ibis,  jar  Dr.  Uouke  to  applj  it 
U>  K  watch  balance. 


iNVinTioM  or  ■] 


IIWB. 


¥ 


Kgned.  Some  of  these  ways  were  applicBbV  to  leaser  vibra- 
liyns,  olhcTTi  to  prealcr,  as  of  2.  3,  4.  5,  6,  or  whaWver 
number  of  rr^nlntions  was  dfiirrd  :  the  models  of  which  I 
tb<fre  iiroduoeil ;  und  I  did  at  the  same  time  diew  wherein 
the  Aforesaid  sett  docks  (meaning  Hujghen*')  were  dcfec- 


"  All  these  particulars  also  were  nt  several  other  iim«,  Bt  — 
"  the  [iiiblic  meuiings  of  tbe  Royal  Society,  discoursed,  cxperj-  g_ 
"  mentcd,  and  several  models  produced,  i  did  niso,  at  the 
"  earnest  desire  of  some  friends,  in  the  years  lti6'4  bihI  l66s, 
"  cause  some  ufthe  suid  watches  to  be  made,  rhough  1  was  un- 
"  willing  to  add  any  of  the  Idtler  afflkatioru  of  the  spring  to 
"  them,  a*  wailing  a  filter  oppurtomty  lur  my  own  advaiituge," 

In  l6?8,  Dr.  Hooke  published  I'otentia  JUuUulk-a,  or 
Spring ;  sod  says,  "  I'bc  [heory  of  springs,  lliuugh  aliempted 
'*  by  divers  eminent  malbecuaticians  of  lliis  age,  has  httberlo 
*'  Hot  been  published  by  any.  It  is  now  about  tigbtttnyeari 
"  since  I  first  found  it  out,  but  dcagniiig  to  apply  it  tusonie  par- 
"  licular  use,  1  omitted  ihf  publishtng  iliereof. 

"  About  three  ye  am  since,  bis  majuty  was  pli^sed  to  see  the  0 
"  experiment,  that  mode  out  ibis  tbeor)',  tried  at  Whitehall,  as 
*'  also  my  spring  wnich.     About  two  ycara  since,  I  printed  this 
"  theory  in  an  anagram,  at  the  end  of  my  book  of  the  Drscrip- 
"  tion  of  Uelitucopet,  v'a.  Vttemksic  i-is.     Tliat  is.  The  power 
"  of  any  spring  is  in  the  same  proportion  with  the  tension  therc- 
"  of:  that  is,  if  one  puwer  stretch  or  bend  it  one  space,  two 
"  will  bend  it  two,  and  three  will  bend  it   three,  and  so  for- 
"  ward.   Now,  as  the  theory  is  very  short,  so  ihc  wav  of  trying 
"  ilisyeiy  easy,"     Then  he  proceeds  with  desei'ibLng<tis  man- 
ner of  proving  both  the  cyXaiirual  and  ttt  Jlai  htSx,  aaii  he 
even  tried  Uraight  ivirei.     I'he  uppuralus  to  which  he  applied  D 
his  flat  apimi  sjjrinp,  in  order  to  prove  or  tbow  their  isochruii-  ^ 
ism,  differs  little  or  nothing   from  X\ic  elastic  balance,    ax   M.  >F 
Bertboud  calls  it,  and  which  he  boasts  nuich  -X  liavmg  invent-  ^ 
«d,  in  order  to  prove  bis  ihtury  of  pendulum  springi,  which  he 
forms  in  such  a.  way,  thai  when  bending  them  up  equal  dtctfreei 
of  tension,  tbey  shall  have  their  forces  in  an  arithmetical  pro- 
gression, which  is  just  what  Dr.  Ilooke,  above  an  himdn-d 
years  before,  shows  be  had  invented  and  done. 

B  b  b  2  M.U 
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^^T^  IXTIXTIOX  or  THt  BALAXCS  SFBIWe. 

Ijt  EoyoWi*-      M.  Lb  1Ui>  ihe  eldest,  in  Li&  Mmonal  pit  lin  kta 

•^  ""^  P'|;)  "■  »^  j!ft«i«riitj    Time  at  Sea,  wiiieli  wbs  puWMietl    in  1770J 
the  biK'lKo.iifiti  4  till!  ciiii  ul  llie  fojugt  iy  M.  Caitiiii,  givrs  us.  aniot«  ulbcV 
"''rtt'i'oii''™    improvwiwnfi  whict  be  liad  made  use  of  in  his  liim-keqw, 
kfiei  ll<joke.     OIK,  whivb  legaicled  tJM  iwchrfnism  of  ihe  pendulum  tpnngi 
so'l  whit-Ii  would  bave  r>?mi<incd,  ai  lie  sa>s  hitWrto  viitkixMnt, 
had  III)  iMjl  discovcrii-'i  iH^  theory.     His  oun  word»  ar«^. 
"  cnl)  HJUic  time  bi;o,  ihut  I  have  fa  la»t  di^c-ovcied.  ai  I  ihtit 
''  mun'  {larliciilutly  pxplaiu.  iKts  iniporlant  fact,  which  hcoct- 
''  fiirlli  inii'l  wrve  us  u.  hssie  lo  ibe  ihcnry  r.f  wHlrlii-s,  and  *t 
"a  t^iiidr  tu  iliC  v.'jrkin'-ii  lu  coniiiiucl    ihein  ;  ttamdv.  itft 
"  litre  u  it  every  sfr'ing  tft  tufficieni  exitnl,  a  certaiu  Ifigii 
"  where  ail  tbtvihriitUni.grtiiiaiui  iman,ate  U'u:br9i7t :  itattit 
"  hngli  being  found,  (f  jtu  ihall  iherien  tbh  tfring.  the  grttt 
"  xitraims  •will  h  ^mcker  than  the  smuil  am  :  if.  me  the  if 
"  trajy   yvu  lengthen  it,  lh»  iwiaU  arct  i^i  I  hr^ishtd  nr  Utt  liMT 
"  than  it*  large  «!tti.     It  is  fmia   Ihis  iinp^riuni   rmp«-(trtl 
"  thi'  spTtn'j,   hiihertii  unknown,  ibal  puriii'iiltiriy  dojirnih,  il 
"  we  have    by  il  seen,  Ibo  mgulnrily  o)  n.y  mnrinp  watcL 
"  After  what  has  gone  before,  we  perceive  that  ihr  joetnett 
"  walchos  depends  in  a  pn-iit  inrn&uro  on  lb*  knicth  arnrn 
"  the  i|iirnl  or  rejiulatiiif!  *prina ;  if  wiih  the  samt;  **rap«n«il 
"  certain  "itches,  or  »gch  as  have,  for  ejia(i)pli>,  the  cylinder  or 
"  horizontal  'scape nieJit,  g'l  ill,  whilst  that  otln?f»  of  Hie 
"  sort  are  very  regulor,  we  hero  we  the  cause  of  it.  Thu  new 
"  observation  raay  lie  of  yi^at  use  in  ihc  conttruciion  of  clotk«, 
"  whether  imall,  or  witli  sectmil  pendulums,  ohere  l!ie  pondr 
"  lum  is  suspended  by  a  spiinn  :  iniWd,  we  sue  from  what  b) 
"  been  said,  that  ihi'tv  ou^l  to  U>  thtrf,  such  a  irni;(h  in  lli 
"  iutpen«ion  sprint:,  v^  here  all  Ihe  vtdraitong  of  the»c  |>vnUulnii 
"  may  be  tnndc  isochmne." 
Iteiumptionor       It  is  evident,  from  wliat  has  been  staled,  that  Dr.  Hnokehri 
ooe<c«     *  the  lairest  claim  to  tliv  honour  ifihew  importiini  intnidi 
and  discovei-ies.     I  mean  that  nf  ibe  wutc!i  pendu'um  iprii 
which  he  teems  in  have  made  in  every  pot*i(i/e  fonit     AbJ 
thai  lie  was  master  ut   the  theory  of  springi,   (ilxiut   wfaidl  M 
much  work  of  Inte  jeart  has  btvn  made,  is  M)ually  ertdeiit 
Among  other  reasnut  why  he  did  not  nooner  piihlhh  sn  ac 
coiml  of  ihese  inventions  and  discoveries,  iliero  as  nne,  «liicl 
tbou^  not  generally  known,  it  may  be  pmpcr  to  mention  here. 
After  the  dreedtiil   conHagration,  by  whicli  the  greater  pan  a( 
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LortJon  wMHostri^ed,  3dof  Scpl.  \ti66.  Dr.  lloukewas  much 
(ii'^iigeil  iit  Mirvewng  llip  waslc  ptiunJ  Irtt  by  the  Gri-jtind  ar- 
ntunni)  thu  riiirerent  dams  mi'  prnpcrties  of  the  public  nnd 
A>r  ioiIiviiluaN ;  by  wUirh  il  is  jirnhnbte  ho  fi-t  much  mure 
monp>'  tlmn  he  «"iiUI  h«ve  g"t  by  pio?eciilina  the  btisidws  of 
'  hill  lun^ilude  waicIim.  1  sli«ll  nuw  giie  you  ionic  extracts 
from  M,  Brnhourt,  by  which  you  will  spp  what  a  nvriuus 
quarrvl  i'H>k  place  between  himttiiil  M.  Lc  Hoy.  and,  among 
ollirr  tilings,  abuiit  the  thniry  of  pemlulum  springs,  ice. 

"■  1  jmss,"  lajj-  II    IScrthiiiid,*  "  it)  ii  discovery  of  which  M.  a 
"  L.  H.  u^mi  extremely  jwihim,  ihttt  tjf  the  rW('4roni>Bi  6^  a  J' 
"  crrtaiti  length  6j' {Ae  tfiiral  f/iring,  whivh  he  had  proposed  in  e 
"  enigma,  in  I7(is,  in,  his  Eifuti  Suceinct,  and  nhich  he  '' 
"  unly  ilivui^d   in    1770,  io    bis  Mrnire  da  Trmpt  en  M'r: 
"  he  holds  tu  it  iliore,  with  »o  mucli  the  more  leasiiii,  av  lie 
"  is  pemiaiied,  that  on  this  prij|)erty  of  the  spring,  liie  tegii- 
'■  larity  of  bn  marine  waich  particularly  depended.     I  do  nut 
"  dispute  with  M.  L.  R.  that   he   has    mil  dlscovutx-d  this 
"  property  of  the  i^iral  spring,  by  which  all  tie  Tibrationt  of 
**  thr  balancr  become  uockrone :  but  1  complam,  and   with 
"   ^ifritly'  and  a  just  right,  that  he  wants  lu  dispute  ilie  dit- 
"  covery  of  iis  having  been  made  on  my  part ;  and  dare*  to 
"  accuMi  mo  of  being  only  hit  copyist  :it  is  very  easy  for  me  to' 
"  prove  thai  I  eould  not  he  so, 

"  The  ill-iimcd  jests  that  M.  L.  R.  allows  himself,  and  the 
^'  lone  of  raillery  which  he  affects  on  this  oceasinn,  «1iiill  nut 
*'  prevent  the  truth  of  thai  wliich,  in  my  F.tg'.ii  sur  I'tlarhgrrU 
"  (lorn  i.  pa)(e  itiS),  1  have  said  in  spfaking  of  mj  cloMtic 
"  balancr,  and  ii  this  which  follows:"  "  I  had  destined  this 
"  machine  to  make  experiments  oti  tAe  duration  oj  great  and 
"  tmall  vib/aliont  of' the  aamr  balance,  mAich  mo\eiJretlg :  for 
''  this  purpose,  i  made  the  end  of  the  pivot  run  on  a  very  burd 
"  stone;  and  to  lessen  the  friction  of  the  pivots,  they  each  run 
"  between  three  rollers.  1  observed  the  number  of  vibrations 
"  which  the  balance  made  when  it  moved  liorizontatly  or  vcr- 
"  lically,  the  velocity  of  the  vibrations  accorchng  tu  the  dif- 
"  JtreticroJ  ltnriieratare;andit  muit  serve  lo  meaiure  lAediJ- 

t   la  Consiroction  dcs 
'  Horliigef  MariiicB." 
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mil  Iff  the  "  fercnt  litgrrt*  of  force  of  the  tmte  »]ural,  aceofiiagij  M  U  it 

S^boud       "  Tlie  experiment*  whicb  I  pointed  out  are  pidiy  cinrif 

rieting  ,.  j^^igncj ;  „  much  so,  t^at  they  might  aMnt  ariMt 
"  who  knew  how  lo  n>akc  use  of  maleriab  when  irt  bvfen- 
"  them.  The  duralian  of  the  great  and  i^  the  MMtf  aia  tf 
"  vibration  of  tlit  i  »ee  balance,  and  the  diffrrent  degrnt  ef 
"  force  of  the  »arne  ipiral  accordingly  a*  it  m  more  or  Iru  6t*l 
"  vp.     Here  IS  the  origin  of  ray  theory  on  the  iioehnmum  ef    , 

t"  the  vibrationt  bf  the  tpiral,  I  htid  no  occasion  i«  nalt 
"  use  nf  it,  when  1  wrole  the  finl  part  of  tay  £mh'  nt 
"  I'Hortogerit,  because  the  oscillations  of  the  reguUlor,  in 
"  my  first  raBrine  clock,  were  neceis«hly  JMchrooe,  btaa  ibr 
"  construction  of  the  machine;  first,  because  ihe  'mpnacnl 
\  "  corrected  the  inequality  of  the  time  or  iluratiun  of  (be  pwi 

"  and  small  vibnttions,  which  might  result  from  chanf^  to  Uie 
"  motive  force,  from  variation*  of  friction,  and  from  the  ihkk- 
"  ening  of  the  oil,  Ac,  {Eaai,  No.  21  ifi)  ;  lecomily,  Urrutse 
"  the  regulalur  l)eing  compooeii  of  iwu  haluicet,  the  agitation 
"  of  tlie  sliip  could  not  chaaige  the  extent  of  the  arcs  of  *ibt»- 
"  lion,  (set  Eitai,  No.  2097).  Thus,  in  all  cases,  the  Avn- 
"  tiun  of  the  great  or  sniB.ll  vibrations  must  be  equal,  wkelher 
"  by  the  assuiance  of  the  'scapemcni,  or  by  the  nature  ot  the 
regulator.  But  since  t  had  suppressed  odc  of  Ihe  ba- 
lances, it  became  necessary  to  seek  lo  correct  the  incqualiiia 
of  vibrations,  which  might  result  from  the  a^tation  of  liie 
ship,  and  which  were  corrected  by  the  double  balance  in 
the  firiit  c<in  struct  ion.  I  Ciime  back  then  to  my  origtml 
ideas,  and  sought  to  correct  by  the  splml  the  alterwioB  i 
which  ihe  agitations  ofthe  ship  ni:ghl  produce  on  ih 
of  the  arcs,  and  on  ihc  inequality  of  the  vibriuinns. 
is  the  origin  of  my  tbeor)'  of  the  spiral :  a  theory  which  t 
my  own,  ai  ii  obvious,  and  vexy  easy  to  sec  ;  and  1  do  iMtl 
dispuie  with  M.  L.  It.  bis  having  made  the  iii»c')very  oi  J 
his  part  also.  We  musi  rcmatk,  however,  an  enentij* 
diiference  between  the  importance  nbich  be  attachef  id 
the  property  which  the  spiral  spring  ha».  of  rendetii^ihe 
vibrations  itochrone,  and  the  utility  of  which  I  have 
that  tb]s  property  might  be  It  u  chiffyoatheUuchroiiitmbf 
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'^  tkespirid,  that  M.  L.  R.  founds,  as  he  tells  us,  the  just- Account  of  the 
**  ness  of  bU  marine  watches ;  whilst  I  have  never  considered  tetvlwiBLeRoj 
^  this  property  of  the   spring   but  as  an  useful  accessary ;  and  Bcfthoud 
^  and  the  justness  of  my  marine  clocks  depends  so  little  on[^^^J^ 
^  it,  that  my  clock.  No.  8,  whose  spiral  was  not  isochrone, 
<<  has  however  succeeded  very  well  in  two  trials  of  a  year 
^'  each. 

'^  BtU  I  will  suppose  that  I  had  not  announced,  in  my 
^  Emoi,  the  experiments  which  bav^  led  me  to  the  <(isco- 
very  in  question ;  at  least,  M.  L.  R.  will  not  deny  that, 
ike  lOtk  f^  Ftbruar^j  17 6Z,  I  deposited,  or  lodged  with 
^  the  Academy,  tny  new  theory  <^the  spiral^  in  which  I  deduc- 
^  ed  this  proposition :  the  ascUIatums  of  any  balance  whatever 
**  muiy  be  rendered  isochrone  by  the  spiral.  Nor  can  he  deny 
**  chat  the  publication  of  his  Expose  Succinct  was  posterior 
**  to  the  date  of  my  deposit;  he  would  not  then  be  well 
'<  founded,  to  say  that  I  have  borrowed  this  theory  from 
him,  or  the  idea  of  the  discovery,  when  even,  as  he  falsely 
pretends,  this  discovery  had  even  be^u  divulged  in  his 
Expos^  Succinct,  But  where  do  we  find  it  divulged  there  ? 
How  has  be  announced  it  there?  Here  is  all  that  be 
says  of  it  (page  27  of  the  Exposi  Succinct  J:"  **  I  have 
discovered  a  property  in  the  spring,  by  means  of  which 
^*  I  can  easily  come  at  the  most  perfect  isochronism/' 

**  What  could  these  enigmatical  words  teach  me  ?  What 
is  this  spring  f  What  is  this  property  ?  We  find,  at  the 
^'  end  of  the  Expose  Succinct ^  a  copy  of  his  project  of  1754, 
*'  in  which  he  likewise  said,  that  his  balance  would  be  sus* 
^  peodod  by  a  straight  regulating  spring,  whose  property 
**  was  to  render  all  the  vibrations  isochrone,  •  Is  it  still 
'^  about  a  straight  regulating  spring  which  M.  L.  R.  would 
**  speak  of  in  176'8? — or  of  a  spiral  spring?  And  I 
**  ask  it  of.  himself:  Who  could  divine  that  these  vague 
**  words,  a  property  in  the  springs  announced  a  certain 
**  length  in  the  spiral  spring  ?  But  again,  even  if  he  should 
**  have  announced  his  discovery  clearly  in  the  Expose  Suc^ 
**  cinctf  as  he  has  lately  done  it  in  1770,  in  his  memorial 
^  00  the  Measure  of  Time  at  Sea;  could  I  ever  be  sus- 
^  pected  of  having  copied  M«  L.  R.  when  I  bad  deposited 
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"  my  (iiwovpry  with  ihe  A 
"  einel  w;ispuWif.' 

"  After  ihcic  facts,  which 
"  every  one,  why  ha«  M.  I 
"  lowndmw  I8oflhpPr«M 
**  aseovfry  of  tlif  itoehrnnl 
"  derJ :  b»t  if  ht  hail  atti 
**  nwN/rf  /tare  brm  a  iard  t 
"  in  my  Memorial ;  if  voirj 
"  priete  it  to  kimttif  in  m 
"'  Kitting  it."  "  M.  L.  B 
"  tuck  -delicate  raillery  wotil 
«  <veshal)haveubsen-ed,tbi 
"  here,  is  that  of  1770 ;  wh< 
*'  egrec«  that  I  had  dcposite 
"  r.n768;  when  woshallh; 
"  tmuble  Id  notice  it,  he  tu 
"  what  he  did  not  shew  till 
"  H-ill  be  on  his  side. 

"  M.  L.  R.  continues  (pa 
"  tin,  of  rettiitg  tie/act 
"  nprrimcnt  ikctctd  then 
'•  KitHliJic  air,    o^  vkkh 

"  I  sua  sorry  that  ^^.  L. 
'*  will  sinceiply  allow  that  i 
"  ever,  encouraged  by  the  ] 
"  has  given  to  this  pB.rt  of 
"  here  is  what  he  wrote  n 
"  of  this  year:"  "  TAit  art 
"  force  of  the  spiral  must  t 
"  exprcuci  prrfecify  the  it 
"  And,  in  speaking  of  thee! 
"  my  elastic  balance,  he  ad 
"  lainlif  <if  iirfinite  ialerett 
"  of  l/ie  uochroititm,  and  . 
"  lent  that  ne  (iw  ffi'w  ft 
"  principle :  tkit  it  v>keTt 
"  I'l-gin  to  dtKtnd  in  anai 
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*  confes*  tbat  I  am  more  flattered  that  M.  BernouilU  bai  AccosntoftlM 

*  uiHierstixid  me,  and  has  approvt-d  of  me,  than  if  I  liad  ^^^^|^!|^ 
only  be&M  batcly  unileretood  by  M,  L.  R.  "nd  Berttwod 
■'  Although  M.  L.  R.  has  not  understood  me,  he  UlxJer- JJ^^IJS. 
stanitg  how  to  reason  upun  my  theory,  and  censures  the 
coune  that  I  have  taken."  "  Mr.  B."  "  says  he  (page  18 
of  the  PrrcisJ,"  "  supposes,  from  the  beginninjt,  that  the 
force  of  long  and  weak  springs  increases  in  a  less  ratio  than 
the  spaces  dt^cribed  in  its  different  tensions,  tince  he  cod- 
eludes  from  it  that  the  great  vibrations  are,  in  this  cmt, 
slower  than  the  small  on<?E,  and  rice  vend  for  the  short  and 
strong  4)1fing :  but  he  ihoulil  not  mppott,  ht  thoM  thmn  that 
the  thingt  are  M  in  nature,  of  whieh  it  is  only  experiment 
can  instmet  us." 

"  I  confess,  that  my  course  has  always  been  the  opposite 
of  the  precept  of  M.  L.  R.  In  all  my  resexrches,  I  have 
bepin  by  adopting  or  assuming  principle* ;  1  have  'ndea- 
voureil  to  sift  those  wtll,  and  have  called  experiments  lo 
my  assistance  tvith  a  tiew  to  confirm  Uiese  principles.  It 
is  true,  that  by  this  method  we  lone  the  advantage  of 
meeting  sometimes  with  lucky  chances^  which  discover 
what  we  were  not  seeking ;  but,  in  return,  when  we  hivo 
made  a  discovery,  we  know  to  what  principle  nc  must 
attribute  it,  and  are  not  in  the  state  of  him  who  lends  one 
to  it  purely  imaginary. 

"  M.  L.  R.  is  not  satisfied  with  attacking  me  on  my  pro- 
perty in  my  theory ;  he  wantit  even  to  attack  the  solidity  of 
it.  I  have  defended  this  properly  by  facts,  which  prove 
that  1  could  not  know  the  rencarches  of  M.  L.  R.  I  shall 
DOW  defend  the  solidity  of  it  by  reasons,  at  the  risk  of  not 
being  understood  by  the  author  of  the  Fitcii. 
"  The  criticism  that  .M,  L.  R.  has  made  on  ray  theory, 
obliges  roe  (o  enter  here  into  some  discu»siun.  It  is  De- 
cenary, first,  to  hnng  under  one  point  of  view  all  that  he 
has  said  on  the  iiucArtmUm  ti/  lie  tpiral,  in  his  Mftnmre 
t»r  la  Me*urt  du  Temps  en  Mrr,  piintcd  in  1770,  «t  ths 
end  of  the  I'o^age  de  M.  Cassinijilt. 

"  /  have  alviayt  diicovered,"  (say*  M.  L.  R.)  "  at  tie 
mutt  Jaitious  pliUotopacrt  aiui  artitli  ime  dimt,    that  the 

Vot.  XIV.— SupPLtMEKT,  1805.  C  C  «  "ffWtt 


H  IVTEVTIQV   or   TSS   B4LAVC&    %WJ^^90^ 

nfcof  ilii  ^'  grtMi  vikraiiimt  wer€  dower  titan  tke  muM  09i€9."  **  (page 
"^^       "  H.  of  tbA  Mtutre  du  Tempi  en  MerJ, 
erttooud  •     '*  I  have,  in  general,  proved  ibe  cootraiy,  and  bLall  adduct 
'jj'         ••  proofi  of  U  hereafter." 

**  I  have  likewise  remarked"  (addshe),  **  that  od  a  doable 
^^  affc  the  difierence  was  lor  the  inobt  part  T-^vth.  TUs  ^€i 
^  comeSf  1  bekeve^  from  ike  m4ut  of  ike  spring  wkcn  hemdhfg 
^  aui  unbending^  or  perkap*  from  ike  ubHm^leh  ikmt  ii  fod» 
*-'  iniemaii^  vkem  betidiitg  amd  unbending  iiielf.*^  (Ibidem). 

^' J^Vbat  are  the^ie  internal  oh&tacles?  This  explaDBtioa  doei 
*'  not  icem  very  intelligible*  M.  L.  R.  must  undoubtedly  be 
^'  understood ;  the  internal  properties  of  the  spring  uHUt  be 
*^  known  to  him ;  sincet  from  1750,  be  had  aDnooaced  1^ 
'*  us  that  he  would  forthwith  give'*  "  A  eomtpleit  Treeiiaim 
*^  ike  Naiure  of  ike  Springs  and  on  iis  Efiecis^  &c.^ 

"  1^1.  L.  R.  continues  :'*  «'  li  it  omly  very  ImUly  ikai  I 
**  kate  distoceredy  as  J  shall  esplaim  it  tmore  pariieularhfj'' 
"  (We  find  this  explanation  no  where  in  his  Mtaswt).*' 
'*  ikisjacij  so  unporiani^  vkick  kenceforik  must  serve  as  iki 
*'  basis  of  ike  ikeorjf  of  toaickest  and  as  a  gmide  to  work* 
**  wteni  to  tdt,  ikai  ikere  is  in  every  spring  ofm  stg/ieient  ef 
^'  ient^  a  ceriaim  lengikj  wkere  all  tke  ubrationsp  great  and 
**  smalif  are  isockrone** 

First — What  is  this  extent?      Secondly — ^This  proped* 
tion  is  not  generally  exact ;  for  we  find  a  great  namber 
'*  of  springs,  which  are  such  by  their  nature,  that  whate\'er 
*'  be  their  syffieieni  extent,  they  never  will  be  isochrone. 

/  kave  discovered,"  (adds  iM.  L.  R.)  •'  tkat  tkis  length 

being  found,    if  you  shorten  tke  spring,  tke  great  TMbra* 

*'  tions  rcill  be  quicker  tkan  ike  small  ones,     lj\  on  ike  eon- 

**  trary,  you  lengthen  ii^   tke  small  ones  will  ^ejimisked  in 

*^  less  time  ikan  the  great  ones" 

*^  This  second  part  of  the  proposition  of  M.  L.  R,  is  ge- 
**  nerally  exact ;  and  on  this  point  we  are  agreed." 

'<  It  is  '*  (adds  he)  *'/rom  tkis  important  property,  kUker- 
^  io  unknown  J  tkat  ike  regularity  ef  my  marine  u^atck  par- 
"  iicularly  depends,*' 

'^  M.  L.  R.  thinks  that  this  property  was  univenaHy  «a- 
**  knonn ;  and  it  would  have  been  indeed  so,  if  il  had  been 

"  only 
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"  only  liiiown  by  what  he  said  of  it  b«torp  1770.  But  T  AKouDt  oftltt 
"  have  proved  IhBi  I  liid  hnow  it;  tincr,  as  «e  ''■^'' hittt'c^ieRoT 
*•  gem,  I^l»t  on  the  10th  of  Ffbrunry,  17<)8,  1  had  l..ilgpd  asd  fcfUiDnd 
**  with  the  Acflilcmy  my  Thtorg  tf  tht  Uoi.hronitm  o/* '/if  J*^^jj'J|J^ 

«  Is  <it  there)  all  that  M.  L.  R.  has  tolil  u^  in  1770,  of 
"  ihis  projMrly  of  the  s|)iiBl  b|irin;,  in  hi*  Itliuowr  tur  h 
"  iittiire  dii  Tempt  en  Mer,  »hich  contains  the  description 
"  of  his  pre*eiit  waU'hva.  I  have  tiulliriciilU  proved  by  thA 
"  dates  of  ovr  productions  that  1  ct-tild  not  be  his  ciipkr; 
"  but  I  can  yet  prove  in  anoilier  niunner  thai  I  could  lint 
"  be  so,  iiiici:  wo  enree  not,  either  in  tlic  fundamental  prin- 
"  ciplo  of  our  theory  on  the  isochronism  by  tht  spiml,  or  in 
"  all  itK  consequences. 

"  Fint,  M.  L.  Jt.  says,  that  in  all  the  experiments  which 
"  he  has  made  on  the  time  or  durutiun  of  the  vibrations  of  ti, 
"  balance  wi[h  the  spiral  Kprine,  lie  has  almost  al»nvs  fbur.d 
"  that  tie  great  vibrations  are  ilowtr  tfian  tit  tmaf/  oik». 

*'  All  the  experiments,  on  thp  contrary,  which  I  have  re- 
"  Isted  in  my  Traitf  det  Uor/oge*  on  spiral  springs,  and 
^'.a  itill  greater  numbi-.r  which  I  have  made,  and  which 
"  are  not  mentioned  in  that  wwk,  f.rove  tliat,  in  general, 
"  the  spiral  tendrrs  tit  great  xibiatimu  of  the  balance 
"  quicker  tioM  the  tma/l-  onet.  Sue,  in  ilie  Trtatiu  m  Mfa- 
"  riot  Cheki,  the  experiments  of  No.  137,  20fi",  21'i,  2l5, 
■  "  416",  217,  218,  219,  820,  325,  227, -.'28,  2S0,  93?,  the 
"  first  of  233,  and  the  No.  33*,  958.  The  experimenls  of 
•*  207,  221.  226,  and  the  second  of  233,  are  tin-  only 
"  ones  which  could  give  the  great  vibnitiona  sl<iwer  than  tUc 
"  smull  ones;  and  still  it  is  only  by  a  long  and  difficult 
"  task  [hat  spirals  can  be  brou!;ht  to  that  point  which  alone 
*'  can  auure  uj,  tha*  the  spiral  is  tusceptilile  of  bern!;  made 
.  '*  itoctrone,  a  property  which  we  obtain  then  by  sborti-ning 
"  it.  Less  fortunate  than  !^I.  L.  R.,  uho  tells  m<  (pngc  3t 
/'  of  his  Mdnoire)  that  "  Ihii  operation  (of  set'ktng  the  point 
,"  vfaere  a  spiral  is  isochrone)  teemed  at  first  tedious,  but 
"  that  practice  renders  it  so  ea.ry,  that  at  onct  he  now  hioan 
"  prelly  nearly  the  length  of  the  tp'itig  vhere  nil  the  ribiii- 
"  titMS  are  of  eqvat  duration."  "  I  cunfns,  nn  the  conlrrtiy, 
"  that,  though  aided  with  an  excellent  instrument  in  my 
Ccc',>  '^elaf-i 
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AcoooBtoT  tke''  dasHc  btlance,  it  bonlj  with  mach  trooble  tlimt  I  fa»« 

STj^mlIjcB  t'^  fooi^cl  KMBe  tpifml  springs  fit  tonicceed  bj  their  isoduoo* 

asd  Bcrtkond  ^^  ism.     And  again  have  I  foand  them  quite  altered  on  a^ 

1J!!£S!SL      **  tempting  to  temper  tkem  wke»  twmeiup.    This  opaiatimi 

'*  is,  however,  indtspensable,   if  we  want  to  give  them  thi 

^'  quality  of  keeping  a  constant  figaie»  a  quafity  thatis  pre- 

^*  iefable  by  much  to  that  of  the  itochvoeism  bj  the  qii- 

*'  raly  in  machines  destined  to  undeigo  all  the  chaqges  sf 

^^  tempetatorey  which  never  fail  toalter the  figme of ^riiy- 

M  idien  tiiey  have  not  been  tempered  after  being  turned  op.  ' 

**  I  must  add,  that  if  my  experiments  do  not  agree  with 

^<  thoke  of  M.  L.  R.  they  agree  with  thoae  of  Mr.  Hani- 

**  son :  this  celebrated  artist  always  found,  as  well  as  I  did^ 

'*  that  the  great  arcs  of  vHnratum  were  qukko'  #An  ikeemai 


.    .^  i      "  ones. 


'*  M.  L.  R.  after,  having  set  out  with  a  principle  eootr^ 
**  dieted  by  experiment,  makes  the  isochronism  to  consifC 
**  only  in  thp  morp  or  less  of  length  of  the  ^ral  spring; 
f*  whereas  |  have  proved  in  my  Traiti  dee  Hortogae  JKeraei^ 
**  first,  that  we  pan  arrive  at  isocbronism  withou|  renderiif 
''  the  spring  long.er,  but  by  making  it  Iroad^arndtApm^r^  (Nsb 
'^  143).  Secondly,  that  we  can  come  at  it  by  a  groat  num« 
^<  her  of  close  turn^,  (No.  154)  ;  or  by  ren.ierii^  the  spriif 
**  stronger  or  xuaker  fit  the  centre  or  Qutwardst  (No.  157); 
*'  1  have  shewn,  that  the  lamina  or  wire  must  be  made 
"  like  a  whip  pr  ]a«b,  strongest  at  the  centre,  (No.  159). 
"  See  also  the  Nos.  159,  222,  235,  Ac;  and,  in  geneni, 
'^  see  in  the  table  of  matters  of  the  Treatise  tf  Ma^ne  Cbckst 

at  the  word  sfiraly  all  the  articles  where  it  is  treated  of. 

*^  The  quality  of  isocbronism  is  precious,  without  doubt, 

in  a  spiral  spring,  and  I  have  insisted  on  it  in  my  TraitS  des 
*'  Uorlogu  Marines^  not,  as  M.  L.  R.  pretends,  because  die 
"  justne^  of  xay  marine  clock  is  founded,  like  that  of  his 
'*  watches,  on  the  isocbronism  of  the  spiral ;  not  because  I 
<'  believe  that,  tcithout  this  me(kody  roe  sh^U  etfer  hau  mdf 
^  feeble  success  in  marine  clqcks.  I  have  neither  said  nor  thoughl 
^*  so  ;  but  because  ^is  method  c^n  render  the  makiiig,  regn- 
-^*  lating,  or  timcing  of  these  machines,  more  expeditious  and 
"  more  easy.  I  have  always  looked  on  it  merely  as  an  usefal 
"  acpessary,  which,  perhaps,    might  render  my  clocks  still 

**  tavn 


it 


tt 
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*^  tnore  perfect.  But  two  indispensable  qiuilities  in  the  spi» 
^^  ral  «re,  first,  the  comtanfiy  of  force^  (abetrac^on  bmng 
*'  made  of  the  acddeatal  changes  produced  b^  the  action 
^*  of  heat  and  cold) ;  secoiidly,  the  amitancjf  tfjigwre;  and 
**  it  is  on  these  two  qualities,  of  the  first  necessity,  th^  i  hafie 
^  always  insisted,  and  that  I  still  insist  on. 

M.  Li  ]Eloy>  g^ve  the  isocbronism  to  the  balance  by  a  ccit^n 
langdiin  the  Aat  spiral  spring:  and  M.Berthoud,  to  obtain  the 
tame,  condemi>s  the  cylindrical  helix  as  being  unfit  for  this 
purpose,  and  uses  the  fiat  helix  tapered  thinnest  outw^d*  ' 
Mr.  Aniold  used  the  cylindrical  belix ;  and  Mr.  E^ambhatr 
leooeaoiepds  tapering  tb^  spripg  thinnest  inward.  These  di- 
yttnities  of  opinion  still  serve  to  confirm  what  Dr.  Hooka 
Dbsecred  in  ^e  iiumerous  experiments  which  he  made  with 
springs ;  namely,  that  he  po^ld  obtain  the  isocbronism  bgr 
twenty  difensnt  ways, 

As  you  had  n^ested  me,  I  shall  now  endeavour,  Mr. 
{Nicholson,  to  furnish  you  with  some  accounts  of  the  detached 
'soapement^  and  shall  give  you,  as  far  as  I  have  been  able  to 
>ver  itf  thp  history  of  iis  mventifm  and  subsequent  pro* 


*^  I  pass  **  (says  M.  Berthoud  *)  *^  to  the  4etent  *scapement  Ohaawtiemti 

BMtlKNld 


f^  having  free  vibrations  (the  detached),  over  which  M.  L.  R.  ^acting  the 

f*  pretends  to  have  such  an  incontcsiible  and  exclusive  right.''  mst  five  « 

i'  M*  B/'  (says  he)  "  relates,  that  the  laie  M.  de  Camus  had  ^P«"'«*^ 

f*  told  him  that  the  deceased  3f.  du  Tertre  was  the  first  who 

**  bad  this  idea.    He  assures  us  besides,  that  in  1754,  he  him- 

f*  self  had  contrived  ope  of  this  sort;  and  that  when  in  lion- 

M  don,  in  17(56 f  Mr.  IVIudgfs  had  shewn  him  one  similar,  or 

*'  nearly  so.     We  perceive  clearly  for  what  purpose  he  makes 

5^  all  these  quotations,  but  that  they  may  only  prevent  the 

}*  truth  being  known,  of  what,  in  1748,  the  Academy  had  de- 

^  clared,    in  speaking  of  the  first   'scapcment  which   had 

**  jsppcared  with  free  vibrations,  and  which  I  had  presented  to 

f*  it,  that  the  idea  of  it  seemed  new  to  the  Academy,  and 

M  susceptible  of  many  advantages.'' 

*  In  his  ^  Eclairssemens  sor  I'lnvention  et  la  Construcrlon  do's 
^  Horloges  Marino^." 

It 
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Fr^r^her  i^arti-      **  It  18  very  true,  thftt  in  1748,  M.L.R.  presented  a  'scapement 
nilan  and  re-   ^g  ^  jjj^  Academy ;  it  is  very  true,  that  the  Academy  Htd  tbeo; 

**  thaHbc  idea  of  it  seemed  new.     What  was  this  'scdpementf 
**  The  Academy  does  not  tell.     But  can  M.  L.  R.  anureiis 
^  now,  supposing  that  this  was  a  'scapement  with  free  Tibfi- 
**  tjons,  tliat  the  idea  of  it  was  new?     Can  be  require  thatw 
**  should  believe  that  his'$ca|>eraent  of  1748  was  tktjini  of  thii 
^*  sort  wldch  had  then  appeared'^  And  could  it  be  possible  t^ 
'*  he  had  forgot,  what  he  has  himself  said  of  it,  in  his  Etnmut 
''  ChronomftnqMf^  for  the  year  1759  ?  I  fehall  Jiow  sethisovi 
•*  words  before  him."  "  Convinced"  (said  he)  ••of  the  verily  of 
**  Yhe  sentiment  of  Dricar/^f,  I  undertook,  in  17519  to  mab 
•'  a  clock  to  goeiglit  days  with  one  wheel  only  in  the  moveiBcgt 
•'  Wiiut  gave  me  the  idea  oi  this  construction,  was  the  'scape* 
*•  mcnt  of  a  watch  with  a  rest  or  dead-beat,  and  a  detnt, 
**  which  I  presented  to  the  Acadeniy  in  the  year  1748«  wili 
"  whom  it  carried  or  recelvrd  a  favourable   opinion,  as  may 
"  ho  seen  in  the  Mem'»irs  f(»T  that  voar.     3ify  rontrkHnct  mm 
''  not  so  new  as  T  had  maglnfd:  M,  M.  du  Tertr/s  som^  aih 
••  siJeruHe  artists  .■»  many  ^rsprcfs,  shelved  mr,  soon  aftoTy  t 
•'  model  of  the  rvatcb  of  thch  late  father  s,    and   tvhiclh  tht 
**  eldest  JiL  du  Tertre  mmt  siill  have,     Tliis  model,   thoa|;li 
**  very  diflfcrent  frjm  my  construction,  is,  howex-er,  the  same 
**  as  to  the  end  proposed  ;    the?  moiicn  in  both  is  only  re- 
'*  stored  to  every  other  vi!)rati(m,  &c.     And  lower  down  we 
•*  read  what  foHows:"  "The  liberty  or  freedom  procured  to 
"  i\c  Tosulator  in  the  'scapcmont  of   M.  du  Tertre,    by  o 
"  dttnit  f'lrr.icd  like  a  long  lever,  which  was  stor  ped  *  dur- 
"  inn;  ir.c)  vibralions    by  tlie   arbor    cf   the    balances,   and 
"  mov''d  '»y    an    anchor,    seemed  to  mc  at  that  time  very 
**  advantn^reous,  &C/' 

'*  Tho  late  M.  Camus  was  not  then  so  very  wrons,  when 
**   (  s?icwed  him,  in   1754,    my  *scapement  l:avin<;  o  dettnt 
'*  u)td  free  rihrathns,  in  tellln;;  me,  that  lonir  a^o  the  de- 
cesisud  M.  (lu  Turtro  liiut  proj.-'.si'd  and  snadc  use  of  t>rf 
iiivc  it.      We  shall  find  ourselves,  ^I.   L.   R.  and  nie,  ia 


(I 


♦  The  description  of  Du  Ter tic's  Vcapommr,  a**  civcn  here  by 
In  Roy,  iii  uuintf^Hijoblo  and  obicnre.  Du  Tertre  \\'a%  lonch  en- 
nnijft'lin  improving  'scapc-ments  aboat  the  yvAt  17»'4. 
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^  the  lame  ftituation,   by  bi'ing  left  behind  in  an  indention 

^  which  had  presented  itself  long  before  to  several  artists; 

^  but  M.  L.  R.    wants    to    appropriate   it   exclu9ively   to 

*^  himtelf;.  and,  on  the  contrary,    I  have  done  homage  to 

*'  M.  du  Tertre,  as  to  him  who  had  the  first  proposed  it; 

"  although,  assuredly,  I  had  no  knowledge  of  any  'scapement 

**  of  this  sort   when  I  propobcd   mine,    executed  and  in  a 

**  finished  state,  to  M.  Camus.      Wc  readily  perceive  why  Different  es- 

«*  M.  L.  R.  is  so  jealous  of  this  invention  :  he  is  persuaded  """Jfo^^^, 

'^  that  it  U  by  the  'acapemcnt  that   the   most   part  of  the 

^  triais  have  mucarricd  jvhick  have  been   made  to    discoTtr 

^  the  longitude  bjf  timekeepers,  and  that  the  'scapement,  with 

**  the  detent  and  free  vibrations,  is  exempt  from  all  faults* 

'*  I  am  very  far  from  thinking  on  this  subject  as  he  do^ ;  but 

^  this  is  not  the  place  to  cuter  into  a  discussion,  which  would 

.'*  lead  us  too  far.     1  believe,  moreover,  that  we  might  make 

**  me  of,  and  with  equal  success,  'scapemcnts  of  a  very  difier- 

^*  ent  nature :  and  this  is  not  an  opinion,  it  is  a  fact  proved  by 

**  experience.     The  marine  watch  of  Mr.  Harrison,  that  of 

**  M.  L.  R.,  and  Diy  clock,  have  each  a  Vapemcnt,  which 

^  difier  essentially  from  one  another,  both  in  their  principle 

**  and  in  their  action.     Moreover,  I  shall  make  no  hesitation 

**  to  uie  the  *scapement  with  free  vibrations,  if  the  experimei^ts, 

^  which  I  propose  to  repeat,  ever  prove  to  me  that  it  is  prefer* 

^*  able  to  any  other ;  and  in  that  I  will  make  use  of  it  as  my 

**  own  right,  and  sliall  not  think  or  believe  myself  to  have  co« 

**  pied,  in  any  manner,  neither  that  of  M.  L.  R.  nor  that  of 

**  M.  duTeftre,  for  I  know  not  the  construction  of  the  'scape* 

^'  ment  of  thi^  last;  and  those  of  this  kind,  which  I  have  con- 

^  Irived,  may  be  seen  in  my  Traiti  de*  Horloge*  Marines^ 

**  diflferiug  from  the  'scapement  of  which  M.  L.  R.  has  given 

'^  lis  the  description  of  in  hb  Mesnre  du  Tempt  en  Mtr,     I 

''  will   likewise   not   dispute   against    the    preiorence   which 

'*  M.  L.  R.  thinks  that  his  *scapement  ought  to  have  over 

'^  mine ;  it  is  so  natural  to  love  our  children  even  when  they 

'*  are  only  adopted. 

M.   Berthoud,   in  his  Supplement  au  Traite  des  Horloges  Timepieces  of 
JfartfKJ,  says,  that  he  executed   ^\'e  marine  clocks  having  ^*?'"'****^**' 
ike    'scapement  with    the    spring    detent,    (detenit^rasorO % 
which  were  begun  in  1708,  and  completed  in  1782.    Ihose 

who 


S84  T^TSKTXON   OP  THE    BALAVCtt    SFKIVa. 

trho  wish  to  see  more  on  the  subject  of  the  isochnmisa 
pendulum  springs,  and  of  detached  'tcapcments,  may  c 
suit  his  TrahS  tUs  Borloges  Marnus^  published  in  I773i  i 
the  SuppJhitnt  au  Traiti  dis  Uorhgcs  Martnes,  published 
1787*  There  is,  in  Tbiout,  an  idea  of  a  sort  of  dttd 
^scapement ;  this  work  of  his  was  published  in  1742. 

In  M.  Berthoud's  Sufiflfmitttf  he  sajrs,    '<  Such  mfe  tbe 

**  serrations  which  I  made  the  17th  of  Mattb,  1763,  in  oc 

**  posing  my  first  astronomical  watch,  which  was  fiaisl 

**  about  the  b^nnihg  of  1^64,  the  designs  lind  the  desciipl 

.  ^  of  which  were  lodged  with  the  Academy  in  August  176 

*^  SeeTraiiSdesHofloge8Mafim»,Ap^ptnd.ji^5SS/'**U 

*'  this  watch,  when  in  London,  in  1766 f  to  Mr.  Pinchbeck, « 

*'  purchased  ft  for  the  king  of  England :  it  was  die  first  pod 

'*  watch  that  had  been  made  in  Etirope  having  a  compenstfi 

**  for  heat  and  cold/* 

IcKoylba*        M.  LeRoy,  inhh Mtsun duTemf tern likr,  ffwesfktdnm 

pmatioo^   of  a  compc^nsation  balance,  which  is  the  firtt,*  as  it  were,  thi 

mOd  parts,       have  seen  or  heard  of,  the  idea  of  whidi  he  confesses  to  hi 

taken  from  Mr.  Harrison's  compensation  bar.  But  the  invciit 

of  the  compensation  balance  itself  n  due  to  Mr.  Harmen, 


—  ir  presnaed  may  be  presumed  from  what  follows:  ^'  You  will  now  pen 

aitBaTe  been  y  r  r 

■nrioittly  **  ™^  ^^  speak  a  word  or  two,  as  to  the  compensation  for  h 
wnie  tj  Har-  **  and  cold  in  the  ballmce.  It  is  the  original  method  by  whj 
"  Mr.  Harrison  attempted  to  correct  the  error,  which,  as 
**  was  pretty  tenacious  of  his  own  opinion,  he  carried  into  e: 
**  cution  contrary  to  the  advice  of  Mr.  Graham,  but  foui 
*^  by  experience,  that  Mr.  Graham  was  right,  and  was  fan 
**  to  throw  it  all  away,  t  and  to  contrive  his  method  of  app 
*'  ing  it  to  the  balance  springs."  See  Mr.  Madge's  Letters 
Count  Bruhl. 

Cveat/iDeriti  of     And  farther,  in  honour  of  our  country,  it  must  be  ackno 
Arnold. 

*  I  suppose  this  expression  to  imply  the  compensation  balii 
of  two  metals,  in  contradistinction  to  the  fiuid  thermometer  1 
lance,  which  has  oo  relation  to  Harrison.—- N. 

-f  The  late  Mr.  Arnold,  by  making  the  compensation  in  the  I 
lance,  and  by  its  being  now  carried  into  general  practice,  and, 
it  were,  confirmed,  proves  that  Mr.  Harrisoa*s  or^ual  idea  « 
good. 
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ledgcd  that  the  late  Mr.  Arnold,  as  vrell  for  his  own  inventions 

OS  from  his  ability  for  improving  whatever  came  before  him, 

deserved  all  the  encouragement  he  met  with  from  his  private 

buaness,  and  from  the  pablic  rewards  which  he  may  from  time^ 

ta  time  have  obtained,  if  it  was  no  more  but  for  his  exertions' 

in  persevering  a:nd  shewing  a  track  which  others  might  follow ; 

end  tliili  hi^  did  with  an  enterprizing  and  ingenious  spirit,  of 

which  few  men  were  capable.     All  circumstances  considered, 

the  biiMDesif  of  n!iaking  chronometers  stands  more  indebted  to 

Ifim  than  any  other  man  since  Dr.  Hooke ;  with  whose  merits' 

Mr.  AVn'old  was  so  wdl  acquainted,  and  whom  he  thought  so' 

much  ofy  as  to  set  him  oh  a  par,  nay,  even  above  the*  most  cel6« 

brated  Sir  Isdac  Newton.    When  Mh  Arnold  bejgan  his  career  AVndd  extend- 

in  life,  he  Wis  the  firtt  who  brought  watch  jew?lling,  and  the'^  j^Lwi!!^ 

application  of  stone  to  the  places  of  actidh,  -  into  more  gb^ 

neM  use  than  ever  had  been  done*  before' his   time;  a^d, 

although  /M^  may  not  have  any  thing  of  a  mecha^ciftl  pria* 

dple'  ip  theM,  yet  they  certainly  reiider  any  prindfite  cbn- 

lifted  with'  tie  hbles,  &c.  as,  for'  example,  the  pitcMngi^ 

and  'scapements  arc  made  more  permandit  than  thej^'  w%o!d* 

otherwtiie'  be;  by  which  our  Watches  have  acqiih^  a'  stftbi- 

lity  and  character   (fr6ni  jewelled  holes;  &c.)   thaf  in  all' 

probability  they  would'  not  have  had  without  dxiem.    Isp^iA;!^ 

froita'  experience  of  the  utility  of  these  thiogsr;  thepdlelsof 

vdy  astronomical  clock  beings  of  stone;-  aiidit  h'ai  b^fi  g6in|f 

with  me  fpr  sixteto  yekrs,  without  thd'sib^eili  ^fplifclLGoxf 

df  oil  tO'  them  in  any  manner  whatever. 

I  am.  Sir, 

With  much  reUp^, 
Yours, 

THOMAS  mb. 

Edinburgk,  July  12, 1806. 

P.  S.— In  the  work  published  by  M.  Thiout,  in  1^41,  tfacte^'A  detacksd  ct « 
is  a  large  collection  of  the  various  'scapemenU  then  known ;  tw^S^\^I 
and,  among  others,  there  is  one  which  seems  to  have  been  in-  priorto'Le 
vented  by  himself,  and  is  a  sort  of  free  or  detached  one,  the  SSSi JiT^^fr 
same  in  its  principle  as  the  one  invented  by  M.  Le  Roy  in  ^^ercat. 

Vol.  XIV. — Supplement.  Ddd  1748. 
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17^8.  It  may  be  said  to  operate  thus  :  After  one  of  the  ba* 
lance  wheel  teeth  has  given  impulse  to  the  pallet,  and  has  just 
quitted  it,  there  is  a  detent^  which  is  made  to  come  in  and 
catch  or  stop^the  wheel,  by  interposing  itself  in  the  way  of  one 
ot*  the  wheel  teeth.  Here  the  wheel  rests  during  this  vibra- 
tion ^  and,  on  the  balance  returning,  there  is  on  its  axis  an  arm 
or  pallet^  which  gets  Into  a  sort  of  fork  fixed  on  the  arbor  of 
the  detent,  and  which  serves,  by  raeans  of  this  fork,  both  to 
{  lock  and  unlock  the  wheel.     The  unlocking  is  never  com- 

pletely done  until  such  time  as  the  pallet   (which   receives 
.^  the  impulse)   has  got  near  or  against  the  point  of  the  next 

;i  impelling   tooth,    whi^h  then  gets  a  recoil  from  the  pallet^ 

^-  "    by  the  momentum  of  the  balance  on  its  return,  and  on  the 

wheel  being  free,  and  again  pressing  the  pallet  forward^  it  ag|in 

becomes  locked,  and  so  on. 

LcRfyyandi  How  hat  it  happened,   that  both    M.  Berthoud  and  M. 

'»         ^houd^must  ^  ^^^  ^^^^  overlooked  this  'scapement   of   M.  Thiout's  ? 

known Thioot's  Xt  Could  hardly  be  unknown  to  them  in  the  course  of  their 

*  eicspcBien        ^jjgpme  concerning  the  priority  of  invention  of  the  firec  or 

detached  'scapement. 
l)escription.  In  the  figure,  Plate  X.  Fig.  1.,  A  B  is  the  balance  wheel ; 

G  the  pallet  in  which  the  teeth  act;  <f  the  arbor  of  the  detent; 
e  the  locking  and  unlocking  pallet,  which  is  done  by  means  of 
the  fork  fi  h  the  hook  which  locks  the  wheel  teeth;  t  is  the 
verge  or  axis  of  the  balance.  ]\I.  Le  Roy  made  the  balance 
wheel  a  sort  of  contrate  one,  ha:viug  the  teeth  standing  upright. 
This  is  a  small  improvement  on  M.  Thiout's,  which  seems  to  be 
also  the  origin  of  the  Ecbappcment  d  Virgule.* 

*  Some  of  the  information  contained  in  the  abqrve  letter  has 
been,  by  a  singular  coincideDCc,  anticipated  in  an  article  in  the 
last  number  of  this  JournaL  It  may,  therefore,  be  necessary  to 
mention,  that  what  re|;ards  Dr.  Hooke  in  the  present  letter  was 
composed  fourteen  years  ago,  and  tliat  the  whole  was  in  possession 
of  Mr.  Nicholson  previous  to  the  publication  of  that  essay.>-iVa/« 
qftheaut/w^ 
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III. 

A  Method  of  rendering  all  the  Vibrations  qf  the  Balance  of  a 
Timepiece  e^ai.  In  a  Letter  from  Mr.  William  Hardy. 

To  Mr.  NICHOLSON. 
SIR, 

JL  BEG  leave  to  communicate  to  your  readers  a  new  and  New  method  c 
easy  method  of  correcting  the  long  and  short  arches  of  vi-  ^^brationiVa 
bration  in  the  balance  of  a  timekeeper ;  that  ia  to  say,  that  balance.  Th 
they  shall  all  bd  perf<>rmed  in  equal  times,  so  short  as  the  J^bicb^idlSiri" 
angle  of  escapeinent  will  admit.  /  play  endwise. 

The  spring,  a  by  Fig.  4,  5,  6,.Plate  XI.,  screwed  to  the  under 
part  of  the  cock,  A,  lies  over  the  upper  part  of  the  pendulum 
spring,  proceeding  in  a  right  line  to  the  axis,  e,  of  the  balance, 
gy  having  a  bend  to  clear  the  verge,  and  so  passes  on  to  the 
other  side,  where  the  end  of  the  pendulum  spring  is  fastened 
to  it.  This  straight  spring  is  reduced  to  such  a  consistency,  as 
to4dlow  it  to  be  brought  into  action  a  little  before  the  pendu* 
lum  spring.  The  other  piece,  c,  which  projects  down  troro  the 
under  side  oi  the  cock,  lieb  in  a  line  with  this  spring,  'and  is 
screwed  to  the  cock  on  the  opposite  side  of  the  centre  to 
that  where  the  spring  is  fastened.  It  is  of  an  oblong  form,  and 
has  a  slit  cut  down,  with  an  adjusting  screw,  dd,  on  each  .side, 
whose  points  face  each  other  in  the  same  right  line  to  receive 
the  small  projectmg  piece,  b,  which  is  at  the  end  of  the  straight 
spring,  so  as  to  move  freely  between  them.  The  points  of  the 
screws  should  be  at  equal  distances  from  the  springs  When  the 
balance  is  at  rest,  the  space  between  the  two  screws  must  be 
considerably  less  than  the  angle  of  'scapement,  but  the  pro*  * 

per  ({uantity  must  be  determined  by  trial.  As  this  straight 
spring  is  weaker  than  the  pendulum  spring,  it  will  be  first 
brought  into  actioii;  therefore,  if  the  balance  be  made  to 
move  only  so  far  as  to  cause  the  spring  to  act  between  the 
two  adjusting  screws,  the  motion  of  the  balance  will  be  pro- 
longed ;  but  on  being  stopped  by  the  adjusting  screws,  the 
action  of  the  straight  spring  will  cease,  and  that  of  the  pen* 
dulum  spring  will  commence,  and  consequently  progressively 
accelerate  the  vibrations  of  the  balance.     It  will,  therefore, 

D  d  d  2  always. 
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always  oppose  the  accelerating  effects  of  the  wheel  in  the  short 
vibrations,  and  so  cause  the^whole  of  them  to  be  performed 
nearly  in  the  same  time. 

I  am,  Sir, 
Your. most  obedient  humble  servant, 

WILLIAM  HARDY. 


fiemarh  on  Achromatic  Eye-pieces.  By  David  B^sir^Tst^ 


I 


To  Mr.  NICHOLSON. 
SIR, 


Introductory     J.  OBSERVE,  in  the  last  number  of  your  Journal,  a  queiy 
respecting  a  rule  for  achromatic  eye-pieces,  contained  in  my 
appendix  to  Fergmons  Leciures,    Your  correspondent  seems 
to  question  the  accuracy  of  that  nile,  and  to  imagine  that 
?  119  combioation  of  lenses  whatever   can   form  an  eye-piece 

!  \  capable  of  removing  the  chromh tic  aberration.  Were  this  prin- 

j  ciple  to  be  admitted,  the  rules  which  I  liave  g^vm  for  achro- 

^  roatic  eye-pieces,    composed  of  three  or  four  lenses,   would 

likewise  be  inaccurate ;  and  the  ingenious  eye  pieces  by  which 
Dolland  and  R^onsden  have  rendered  their  telescopes  supe- 
rior to  those  of  every  other  artist,  would  be  liable  to  the 
^ame  imputation.  I  could  easily  demonstrate,  were  it  ne* 
cessary,  thut  an  eye-piece  consisting  of  two  lenses,  whose 
•  '    focal  lengtns,  reckoning  from  that  next  the  object,  are  as  the 

numbers  3  and  1,  and  whose  distance  is  equal  to  the  diflerence 
of  their  focal  lengths,  will  almost  wholly  remove  the  aberration 
pf  colour.  But  I  imagine  it  will  be  a  sufficient  answer  to  the 
1  query  of  your  correspondent,  and  a  sufQcient  vindication  of  tha 
rule  to  which  he  alludes,  if  I  can  explain  to  him  the  reasoii 
i  why  the  error,  arising  from  the  di^erent  relrangibility  of  the 

coloured  rays,  may  be  corrected  by  a  judicious  combination  of 
lenses  of  the  samp  refractive  and  dispersive  power. 
^        ExpUnation  of     Let  A  B,  Fig.  1*  PI.  XI.,  be  an  achromatic  object-glass,  and 
i       ^^JST^*"   ^>  E  two  lenses  of  the  same  kind  of  glass.     Lpt  C  D  E  be  the 
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^is  of  the  teleicopc,  niid,  R  S,  a  lay  passing  througli  the  cratra 
of  the  object-glau.  This  ray  will  fall,  in  an  uncompounded  state, 
upon  the  eye-gtass,  D,  even  if  the  object-glass  were  nut  achro- 
^Bstic;  for,  as  it. passes  through  its  centre,  it  undergoes  two 
equal  and  opposite  changes,  and  is  therefore  not  separated  into 
the  prismatic  colours.  After  refraction  through  the  lens,  D,  tl>e 
rays,  R  S,  will  be  decomposed,  and  the  red  portion  of.it  will 
meet  the  axis  in  r,  and  the  violet  ray  will  meet  the  axis  in  v. 
But  when  the  second  eye-glass,  F,  is  Jnteqiosed,  the  red  ray  will 
~  meet  its  anterior  surface  in  ra,  and  the  violet  ray  at  a  point,  n, 
-  Aearer  the  axis.  Mow,  as  the  refracting  angle  i>f  the  lens  ii 
^  greater  at  m  than  at  n,  the  rAl  ray,  S  m,  will  be  more  refracted 
^  than  the  violet  ray.  So;  and  this  incrcaseof  itifraction  will  com- 
pensate for  its  inferior  d^ree  of  rcfrangibility.  From  this  cause 
the  refraction  of  (h«  second  lens,  E,  will  render  the  resulting 
rays,  mi'.n  v',  parallel,  and  thus  destroy  the  chromatic  aber- 
ration, wturh  is  always  proportional  lo  the  angle-formed  by 
the  rcsul.iii^  rays,  m  r,  n  tl.  In  order  that  distinct  vision  may 
be  obtain','  I  \viih  this  eye-piece,  the  rays  must  fall  converging 
on  the  fixrX  eyf-g!ius,  D.  lliis  can  be  effected  only  hy 
placing  the  lens,  D,  between  the  object-glass  and  its  frinj^ipal 
focus,  and  by  tliis  means  the  telescope  is  rcndcnid  shorter 
than  if  only  one  convex  lens  had  been  employed.  Jhc  cqui* 
valent  lens,  or  the  lens  which  would  produce  the  sanu:  magnify- 
ing power  as  this  eye-piece,  is  equal  to  half  the  fuc»l  length  of 
the  glass,  D. 

I  am.  Sir, 
Your  obedient  humble  servant, 
UwntAiman,  Jttfy21, 1806.  UAVID  BREWSTER. 


Ckentkai  ExjurimenU  oh    Gtuuacum.      By  Mr.  Williau 
Bkande.     F-Tom  the  Pbilotopbical  Traiuaclioat,  1806. 

^iMONG  the  nupierous  substances  which  arc  comprehend-  Giiaiacnm 
«d  under  the  name  of  resins,  there  it  perhaps  no  one  which  P"'"'?™' " 
possesses  so  many  curious  properties,  as  that  now  under  cnn-  peities. 
sidcration  ;  and  it  is  remarkable  that  no  moi%  attention  has 

been 
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brt^n  paid  to  thtr  subji-ct.  tiiice  many  of  the  iiltnmtii 
it  undersoea  when  trwiK-d  wiih  different  sotvcnti,  hwe 
incntiiined  bj  vaiiciis  autlion, 

Si;cT.  I. — Guaiacum  has  a  giwn  hue  externally:  a  a 
tomn  degree  transparml ;  and  breaks  with  a  vitreous  fnaon, 

MThen  puhcrised  it  is  of  a  eray  colour,  but  gradually  b«- 
com»  gretnisli  on  r\posurp  to  air, 

It  melts  wh^n  heated,  and  diffuws  at  the  same  time  a  pin- 
geiit  arnmntic  odour.  ■ 

It  ha^  when  in  powder  a  pli-asaitl  balsamic  sm^  bit 
acarcvly  an)' taste,  alihutigb  when  mallcwed  it  rzcitn  a  toy 
powerful  burning  tpnsatiun  in  the  thruat. 

Its  Bjit-eific  gravity  is  l.S^e^. 
►>!u-        StcT.  II.   I- — Whrn  pulvmwil  guoiacmn  b  ttigntcdiDt 

odt-ioie  heat  wiih  diBtilWd  waivr,  an  npaquc  lolutimi  fa 
farmed,  whicb  becomeit  clear  on  pacing  ibc  whole  [htougkl 
filter. 

The  filtrated  liquor  is  of  a  greeniih-brown  colour;  ithosi 
peculiar  smell,  anda  sneeiish  lajte. 
,  It  luaves  on  evaimialion  a  brown  substance,  which  i*  aDluUf 

in  alcohol,  nearly  soluble  in  boiling  water,  and  ver}-  Uule  acM 
upon  by  sulphuric  elher. 

This  volution  was  cAi^mineJ  by  the  fbllouinfc  rragents. 
Fillrreilailiiti-       Muriare  oi  alumina  occasioned  a  brown  iiuoluble  prccip 
laic  after  some  hours  had  elapsed, 

MuHafc  of  III)  formed  a  brown  flaky  precipitate  under  ik 

Niliale  of  sih'i'r  g.ivi'  a  copious  bronn  prrctpitate. 

Suspecting  the  presence  nftiine  in  mc  solution,  I  added  a 
few  drops  of  oxahite  of  ammonia,  when  the  liquid  lauoodialdji 
became  trubid,  ami  deposited  brown  flukes,  wliirli.  after  hanng 
been  trcalcil  with 'bulling  ulcubul,  yielded  traces  of  oxalvietf 
lime. 

These  effects,  therefore,  inHicalc  the  presence  of  n  sobstann 
in  guaiacum,  tvhicli  possesses  tlic  properties  of  extract;*  tk 

•  By  tlie  lenns  estract,  I  menn  thm  suhstanee,  whidi  I7 
chemists  is  called  the  eitractive  principle  of  vegetables.  \"i* 
Tbo^npion's  Syst.  ofChemiiiry,  tdedit.  10I,  i».|i,  ^78. 
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a  of  the  reagent  s  however  somewhat  moJi^iii,  by  a  si 
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One  hondrcH  grnins  of  guaiacuni  > 
of  this  impuic  extractive  niatler. 

3.  Alcohol  (lissolvw  puaiacum  with  feeility,  leavini!  snme  ■^l'*"''*  *''■■ 
extraneous  matter,  which  generally  amounts  to  about  Sjxr  cu.DCoiuidera'- 
,„,/.  b!y  p.rfe«. 

This  lolulion  is  of  a  deep  brown  colour ;  the  addition  of  .^ 

water  separates  the  resin,  forming  a  milky  fluid  which  passes  ^ 

a,c  filler.  '1 

Acids  produce  the  following  changes : 

A.     Muriatic  aci'  throws  down  an  ash-coloured  precipitate,  J*^",^*"*^ 
uliich  is  not  rc'dissolvsd  by  heating  ihc  nixJture.     In  this  ca^ 
(hi?  leun  appears  but  little  altered, 

D.  Liquid  DXy-murialic  acid  tihen  ]ioured  info  this  solu- 
liian,  forms  a  precipitate  of  a  very  beautiful  palc-btue  colour, 
which  may  be  preserved  unaltered. 

C.  Sulphuric  acid,  when  not  adtleJ  in  too  large  a  quanti- 
ty, separates  the  resin  of  a  pale  green  colour. 

D.  Acetic  acid  docs  not  form  any  precipitate.  This  aciii 
is  indeed  capable  of  dissolving  most  of  the  re»tis. 

E.  Nitric  acid  diluted  with  one-fourth  of  its  weight  of  water, 
cnuses  no  precipitate  till  after  the  period  of  some  hours.  The 
litiuid  at  first  assumes  a  green  colour,  and  if  water  be  added  tU,  ' 
this  period,  a  green  prccipilfite  may  be  obtained;  the  green 
colour  soon  chai^ps  to  blue,  (when  bj  the  same  means  a  Llu« 
precipitate  may  be  obtained)  ;  it  then  becomes  brown,  and  a 
brown  preclpilBlc  spontaneously  makes  its  appeai-ancc,  the 
properties  of  which  will  be  afterwards  mentioned. 

The  changes  of  colour  produced  by  nitric,  and  uxy-muriatic  — 
acids,  in  the  alcoholic  solution  ;  arc  very  remarkable,  and  I  ^,j 
believe  peculiar  to  guai&cun-  :  there  is  moreover  much  reason  '^^ 
to  suppose  that  the  above  alterations  in  colour  arc  occasioned 
'by  oxigen  "     It  likewise  appcan  from  that  which  has  been 

•  The  folloniing  experiments  appear  to  verify  ihis  supposition : 
Tihy  grains  of  freshly  pulverised  suuBcum  were  introduced  into 
»  gills  jar  containing  00  cubic  inches  of  otj-iDuriBtic  acid  gas. 
The  resin  speedily  assumed  a  brown  colour,  having  passed  through 
Ecyeral  shades  of  greeu  and  bine.  Liquid  ammonia  n-aspciuredon 
this  biown  substance,  Trhile  jttimmcrKdiu  the  acid;  the  whok 
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by  wiiy  ol  dmmcltuiij  are  soluble  in  ihc  mislureof  nilridifiSf 
and  nlcohnl,  while  llie  brown  jjrecipitale  is  imolublf. 
■-An^ixJonM        F.     Alicalis  do  nol  form  any  precipitate  wlieii  added  ts  & 
P'^S'""  ""  Boluiion  of  guwacuro  in  nlcnhnl. 

tion.  3,     Gualacmti  is  Uss  solublr  in  lail^huTic  etnor  tbofl  lail- 

Dire««Mranof     [^  ]     j|^     properties  of  tills  sotutioii   nearly  coincide  Mk 
those  ju!t  metrioned. 

4.     Muriatic  arid  dissolves  a  sm«H  poilicin  of gmiaciun,  tU 
jtolutiun  assuming  a  derp  lirowti  colour ;  but  if  heat  be  applied, 
^^—  the  resin  melts  into  a  blackish  mass,  pfcvetitfng  soy  fuia 

^H  artiDQ  from'  taking  place. 

^^b  5.    Sulphuric  acid  lorms  with  gdaJdcum  a  deep  red  liijiiidi 

^^D  which,  when  fresh  prepared,  depoitils  a  I ila'c  coloured  predfii- 

^H  liite  on  ttio  addition  of  water  ;  a  precipitate  it  also  furmedli) 

^H  the  alkalis.     Ifheitt  be  employed  in  forming  this  solution,  tbe 

^^^  rcain  is  speedily  decomposed  ;  and  ift&e  whole  of  the  acid  be 

^H  evaporated,  there  remains  a  black  coaly  substance,  togetlier 

^^  with  some  sulphate  of  lime. 

Action  of  nitric      6,     Nitric  oCfd  nppenrt  to  exert  a  more  powerful  action  « 
^Ucm.        guaiactim  than  on  any  of  the  resinous  bodies. 

100  grains  of  pure  gu:iiaeum  jireviously  reduced  to  powder, 

twere  cautiously  added  to  twb  ounces  of  nitric  acid,  of  tie  ape- 
dfic  gtUVity  of ''  1 .39.  The  resin  ai  fiitst  astumed  a.  da^k  grew 
coloor,  a  violent  ttP^i'vcscence  was  produced,  attended  witfi  lie 
•mission  of  much  nitrous  gas,  and  the  whole  was  dissdwd 


libcanie  greWi';  it'th't^fcrorCfceifted  thiis  to  he  dcprired  of  part  of 
the  ojiypen  wliieti'lt^apptirfntlyhBd  artttirCTl'  by  th^  precediiiga- 
periment,  An  ecfani  pdrtion  of  the'  -aiirfgiisiaclinl  Vlil  erjioM 
under  similar  drcumsranres' to- ihe'aClbn  ofoay-tiWriBrte  alii, 
excepting  that  the  gloss  in  vrhitA  the  eiperinietit  w«i  mtrf^'  wtf 
covered  with  a  bladi  varnish,  snd'pla«c<'  in  adarfc-apmimM. 
On  etamintiig  the  remit  of  this  eipcriraenC,  the  resin  vm  (aaai  In 
bave  unHcrgonc  precisely  the  same  changes  aa  wbeu  eiposed  to 
light.     AmmoniB  hud  also  tlie  lurae  elTccL 

Oualscum  was  also  exposed  over  mercury  to  ox'vgen  ns;  l3» 
rWilt  a^omed'aftersHme  days  the  gt^etrt  Colour  vrbicb  bIoi^ 
elpssore  tathc  atmO^phcrtr'produCC^:  ihi«'cTiBnge  waslitci^ 
rtnind'by  B  second  e^pefimeflt  to  be"  tt!c«e'd'wTthout  tbi^ 
of  lijllt. 
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Ifaout  ihe  asKstance  of  beat,  which  ia  not  the  caar  wilh  ttie 
B  in  gemrral ;  for  when  ihm  bodiM  are  thus  treateil  wilU 
c  acid,  they  Rre  coninionly  converted  into  an  or&nge-co 
reJ  porous  mass, 

rhe  solution  thus  formed,  yielded   wliile  recent,  a  brown 
KipilHte  with  ilie  alkulis,  wliich  was  redissolved  oq  the  ap- 
»lion  of  heat,  furmiiig  a  deep  brown  liijoid, 
Uuriatic  acid  also  sepiiraled  the  guniacum  from  this  sohi- 
I,  not  however  without  having  undei^june  some  change, 
)buric  acid  caused  no  preciprtatd, 
;r  this  solution  of  guaiacum  in  nitric  acid  hud  remained 
ifturbed  for  Bome  hours,  a  Cl>DsiJl^nLhle  proportion  of  crys- 
d  oxalic  Hcid  was  deposited 

en  guaiacum  was  treated  with  dilute  nitric  acid,  the  re-  Dilute  m 
1  were  »onicwLi»t  dilfetenl,     A  slight  effervfsccnce  took 
part  uf  the  refill  was  dissolved,  the  remainder  being 
into  a  brown  substance,  resembling  the  piecipitAie 
obtained  from  the  alcoholic  solution   u   above  tnvntioiied. 

(■:.  E.) 

This  brown  substance  appears  to  bo  guniacum,  tlie  proper- 
ties of  which  urc  maierially  altered,  by  its  combination  with 
tMcigcn  ;  and  1  am  led  lo  think  that  the  changes  of  colour  pro- 
dttced  by  nitric  and  osy-muriatic  acids,  are  the  consequence  of 
the  different  proportions  of  osigen  with  which  the  guaiacum 
has  been  united  ;  (nt  we  know  that  ihc  colours  of  metallic,  and 
nisri)'  other  bodies,  are  greatly  inltuenced  by  the  same  caus«. 

The  bi'oun  sulistance  was  separated  by  filtration  ;  ihe  filtra- 
ted liquor  yielded  yellow  docculeiit  precipitates  wilh  ihe  alkalH, 
and  on  csamination  was  found  to  hold  nitrste  of  lime  iu  lolu- 


The  anditsolved  portion  was  of  k  deep  chocolate- brown 
colour.  A  sitnilttc  substance  may  also  be  ubtained,  by  evapo- 
rating the  recent  nitric  sulutiun  lo  dryness,  taking  care  not  la 
apply  loo  much  heal  loivavds  [he  end  (if  the  process. 

The  subsiiuice  obtained  by  cither  of  thc»e  meant,  possesses 
the  pro]ierties  of  a  resin  in  greater  perfcciitm  tftan  guaiacum  ; 
it  is  equally  soluble  in  alcohol  and  sulphuric  ether,  insoluble  in 
water.  &c,  i  but  when  burned  it  emits  a  peculiiir  smell,  more 
rCMmbling  animal  than  v^iable  bodies.  If,  however,  frcih 
pOTtioni  of  nitric  acid   bu  added  three  or  four  times  succes- 

VoL.  XIV.  SvPrLCujiST.  £ee  uvd>  * 
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sivi-!)- :  or  if  A  liirfte  quantity  br  imploypd  to  form 
tkeprewlort  obroiiied  by  cTaporaiJon  i»  ihen  of  «  TMy 
nnfiirc;  for  it  liii»k>s(a]|  lh*charactpristic  pnjportiOTOi 
tiDving  become  equal!)'  MiluUe  in  water  and  alcohol;  tiut  wlu-  ' 
lion  of  it  ill  thU  Mate  bnving  na  atlrinsenl  bittcrtast«.*  I 

nd        '  7-     Cuniunim  h  co{rt<>ailv  soluble  in  the  pure  and  carbon-  i 
"^f       Bled  alk:i!(s,  fonnrnR  jjnwnish-brown  lititiids.  \ 

'  -  Two  onnei^t  of  a  (iiiuciited  nuluiion  of  ca astir -pobiii]  took  ' 

up  nabi'T  more  than  tiS  grain*  of  rbe  resin ;  the  same  ^nnlity 
of  liquid  ammonia  diisolvtd  only  2S  grains.     ■  ' 

Itablc  Nitric  neiil  forrnoH  in  these  solutions  a  Jrcp  brown  ptvcipi- 
tate,  I  he  shades  of  which  »nried  according  lo  the  i{uau(ity  of 
atid  which  had  btcn  employed. 

Tliii  ]jrcci))il«ie  was  found  on  examination  to  possess  die  pn- 
perlies  of  thai  formed  by  nitric  acid  in  ibe  tolution  otguatacum   ' 
(2.  F..  )  in  alcohol. 

Dilute  sulphuric  acid,  when  ponred  into  any  of  the  abcte 
olhaline  solutions,  formed  b  tlt^h-colouiicd  curdy  prcdpilalc.   I 
Muriatic  acid  produced  the  suine  effect. 
.  The  tH-o  last-mentioned  precipitates  differ  from  guaiaram, 
in  being  l«s  acted  upon  by  sulphuric  ether  and  more  coluble  ' 
in  boiling  water:  their  properlies  therefore  apprnorh ncatrr  to  ' 
cxlracl.     Kloreover,  when  these  precipitates  were  ditsotved  id  H 
nmtnonia,  and  were  ri^ain  separated    by  muriatic  acid,  the 
above-mentioned  properties  became  more  evident, 
"f  SiCT.  111. — UlO  grains  of  very  pure  gnaiacum  in  powder, 

ig^      were  put  into  a  gjass  pctorl,  to  which  ibe  usual  aiiporatui  «»» 
adapted.     The  distillation  wasgradually  performed  on  an  open 
fire,  until  tlic  bottom  of  the  retort  became  ml  bot. 
The  following  product*  were  obtained  :  grains. 

Acidulated  water • s.H 

Thick  brown  oil,  he comin|[ turbid  oncuoUng      S4.5 

Thin  nnpyreuuiatic  oil* 30.O 

Cool  remaining  in  the  retort •  •  •  -    SO.i 

Alixed  gascA,  consisting  chiefly  of  carbonic  add 
and  cat  bonaie  hydrogen g,0 

*  Vide  Mr.  nntchcct's  two  pnpers  on  an  ariiGdal  wbtWiipt 
»l>ich  pneseisea  the  princigile  diaractetisiic  piupertiesof  ttuaia. 
riiil.  TrauB.  1805,  p.  ail,  and  SBi, 

— M 
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Tfce  coiU,  amounling  to  30.5  grains,  yielded  on  incineration 
3  grains  of  lime.  To  discover  whether  any  lixcd  alkali  wm 
present,  ?00  grains  of  the  purest  guiuacura  (that  in  drops) 
were  reduced  to  ashes  :  tliese  were  dissolved  in  muriatic  acid, 
and  precipitated  by  ammonia :  the  whole  was  then  filtrated, 
And  the  clear  liquor  evaporated  to  dryness,  but  not  any  trace 
of  a  neutral  salt  with  a  basis  of  fixe^  alkali  was  prcceptiblc. 

Sect,  IV. — From  the  action  of  different  solvents  on  guaia-  Entdneration 
com,  it  appears,  tliat  although  this  substance  possesses  many  ^^^^  ikUbkii 
propertit^  in  common  with  resinous  ln.dies,  it  neverthdess  gu»Ucuin  aud 
dilfers  from  them  in  the  foU'wina  paniculars  : 

1.     By  affording  a  portion  of  venctable  extract. 

3.  By  the  curious  alterations  which  it  undergoes  when 
wbjectcd  to  the  action  of  Indies,  sthich  readily  communicate 
oxigenj  auch  as  aiiric  and  oxy-muriatic  acids :  and  the  rapi- 
dity with  which  it  dissolves  in  ilie  former. 

3.  By  being  converted  into  a  more  perfect  resin  :  in  which 
respect  guajacum  bears  some  re^binbisncc  to  tlie  green  resin 
which  coustituteft  the  colouring  matter  of  the  leaves  of  trees, 

4.  By  yielding  oxalic  acid, 

5.  By  the  quantity  of  chnvcoal  ami  lime  which  are  obtained 
from  it  when  suDJecied  to  dtiiructivc  distillation. 

Sbct.  v. — From  the    whole  therefore  of  the  above-men.- cuiicMMiin  ap- 
tioned  projierlics,  it  oviJunlly  appears  that  guaiacum  is  a  sub-  |x:ar«  'o  be,  ui 
■tance  very  ditferenl  from  tliose  wliicli  are  denuiniiialcd  resins,  ucciiIibt 
and  tlial  it    is  also  diffennl  tiom  all  those  which  arc  enumc-  'ubWauce. 
mted  aiDongst  the  balsams,  gum  reams,  gums,  and  extracts: 
most  probably  it  is  a  substance  distaii't  in  its  nature  from  any 
of  the  above,  in  consequence  of  certain  peculiarities  in  the  pro- 
portions wirl  chemical  combiuiition  of  its  constituent  elemen- 
tary principles ;  but  iu  this  opinion  may  be  thought  not  suf- 
ticiuDtiy  kuppirteil  by  ilie  facts  which  liave  been  adduced,  wc 
may  for  the  |'.res<-nt  be  alloucd  to  rcgai'd  guaiacum  as  com- 
poied  of  a  resiU  modified  by  the  vegetable  extractive  principle, 

*  This  substance  was  found  by  Prnust  to  be  insoluble  in  water, 
and  suluble  in  nicohul.  When  trcnced  witb  oxy-muriatic  acid,  it 
asHmed  the  colour  of  a  withered  leaf,  acquiring  the  resinous  pro- 
perties in  greater  perfection.  Vide  Tbjmjiwu's  Sysu  of  Ulie- 
misti'v,  3d  Ldii.  vol.  iv.  p.  3 18. 

Fee  2  &nd 
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^gkd  as  such,  perhaps  the  definition  of  it  by  the  term  of  m 

txtracUhresin  may  be  adopted  without  impropriety. 

Oxigcnation  of      P.S. — I  have  observed  that  the  action  of  oxigeoon  someoi 

matteirwhich    ^^^  other  resinous  bodies  is  very  remarkable.     It  is  well  knovB 

alcohol  tsket     that  by  dig^ting  mastich  in  alcohol,  a  partial  solution  only  ii 

^'^'  formed,   and   there  reipains  an  elastic  substsuice,  which  ii 

generally  said  to  possess  the  properties  of  pure  caoutchouc;  it 

appears  however  to  differ  from  this  substance  in  becoming  hard 

when  dried  by  exposure  to  air.     Moreover,  I  have  lenarked 

that  the  part  of  mastich  which  remains  dissolved  by  alcuhoi, 

may  be  again  precipitated  by  water,  and,  on  examinatioD,  I 

found  the  piT>ri(  itate  to  ]>ossess  the  properties  of  a  pure  reso : 

but  when  a  >(it'am  ot  oxy-muriatic  acid  gas  waa  made  to  pas 

thrf'Ugh  thu  solution,  a  tough  elastic  substance  was  tbrowa 

doNvn,  wl.il  i I    .ecamr  brittle  when  dried,  and  wm4,  soluUe  ia 

boiling  alcchoi,  but  separated  again  as  the  solution  cooled :  its 

properties,  then*fbre,  somewhat  approached   to  those  of  tbe 

original  insoluble  part. 


VI. 

On  Silver  Coins.     By  Thomas  Thomson,  M,D.  F.R.S.  I, 

Communicated  by  the  Author. 

Silreraia         t^ILVER  has  been  ^irployed  by  most  nations  as  a  mediom 

medium  of  ex-  ^^  exchange.     The  apcients  appear  to  have  coined  the  metal 

pure,  and  the  same  practice  is  still  followed,   I  believe,  ii 

some  of  the  Eastern  nations.     But  in  Europe  it  is  always  aU 

loyed  with  copper ;    pure  silver  being  ooxisidered  as  too  soft 

for  coin. 
Analysis  of  The  analysis  of  silver  coins  is  not  attended  with  much  diffi- 

silver  coins,       culty.     The  metals  which  they  contain  are  silver  and  copper, 

and  almost  always  a  little  gold.     The  method  which  I  ose-  to 

separate  and  estimate  the  relative  weights  of  these  metals  was 

the  following : 
The  method.  1.  The  silver  coin  was  first  well  cleaned  by  means  of  soap 

or  an  alkaline  ley.    It  was  afterwards  weighed,  and  its  speci- 
fic 
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fic  gravity  KGcrrtained.  The  ipecilic  gravity  of  wlver  <r&nn.  Specific  gra- 
OA  i«  well  kno«  n,  acconling  to  circuimtaDcei.  I  melted  two  jux'er.  *""* 
oonces  of  pure  silver,  and  let  it  cool  in  tlie  bottom  of  a  black- 
lead  crucible  previously  heated.  Its  specific  gravity  was 
10.394^.  The  same  mast  was  fused  a  second  lime,  and  cast 
into  a  thin  plate.  Its  spccitic  gravity  was  now  reduced  to 
10. 1 790.  When  this  plate  hud  hevn  passed  between  rollcrf,  its 
specitic  gravity  was  founri  to  he  10.4812.  B>  hammering  tbc 
round  button,  its  specific  sy^viiy  became  10.4177. 

The  coin  after  being  cleaned  wnt  put  into  a  matras8  with  aSalutionof  tli* 
sulBcient  quantity  of  pure  nitric  aciil  previ.msly  diluted  wilh  jpy  aLiuted. 
about  lirice  its  bulk  of  water.     The  solution  as  soon  as  the 
acid  ceased  to  act  was  poured  off,  and  the  black  powder  which 
usually  remained,  was  repeatedly  d^g^led  on  a  sand  bath  with 
small  quantities  of  nitric  acid.     It  was  then  washed  with  dis- 
tilled water,  and     dit»oIved    in    nitrorouriatic    acid.       "^^  I!'*  "uivMi' 
solution  was  mixed  with  liquid   sulphate  of    iron,   and  tbc  g^  -,„  nitro- 
blackish  powder  which  fell  was  washed,  and  formed  into  a '"'^'^'K'^'* 

...  ....  ,  •nd  precipitat» 

■olid  mass,  some  times  by  amnl^amating  it  with  mercur\',  and  ^^jio. 
driving  off  the  volatile  metal  by  heating  the  aina:i;am  in  a 
amall  porci'lain crucible;  sometimes  by  forming  it  into  a  hall 
with  calcined  borax  and  fusing  it  into  a  button  before  the 
blow-pipe.  The  metals  thus  ob^ined  was  the  gold.  It  never  ex- 
ceeded ^l  fill  part  of  the  coin,  and  seldom  amounted  to  T^i'h 
part.  In  some  coins,  no  gold  whatever  could'  be  delected. 
In  some  of  the  following  analysis,  the  black  powder  which  re- 
mained when  the  coin  was  first  dissolved  in  nitric  add,  was 
melted  into  a  button,  and  .weighed,  Tliis  button  was  then - 
treated  with  nitromuriatic  acid :  if  it  di:<solved  completely,  it 
was  considered  as  pure  gold  ;  but  if  it  lelt  any  residue  of  muri- 
ate of  silver,  this  muriate  was  carefully  dried  and  weighed) 
9nd  theproportion  of  silver  thus  indicated  was  siiblracteil  from 
the  weight  of  the  button ;  the  remainder  was  considered  as 
the  weight  of  the  -.ild  contained  in  the  coin. 

3.  The  nitric  acid  solution  was  mixed  with  a  soUiliim  ofThenitricnhi- 
comroon  salt,  more  than  sufiicient  to  separate  the  whole  of  the  ^'|,^'^'^"* 
ulvcr.     The  muriate  of   silver  was  allowed   to  settle  at  the  •■"■"<' '>>" 
bottom  of  the  vessel,   and  the  liqui<l  ciircfutly  decanted  on."""'^'^,^^^' 
Distilled  water  was  poured  upon  the  precipitnte,   the  mixture 
was  well  stirred  with  a  glass  rod,  and  left  at  rest  till  the  mu- 
riate was  deposited ;  then  the  water  was  dccaatcd  off,  and  a 


now  portion  subslituted,  litis 
came  off  perfectly  pure.  Thp 
out  of  Ibe  \-ewc]  into  a  ^ss  < 
water  being  draiivd,  it  vat  dri< 
bath,  h('Bie<l  nrarly  to  the  temp 
then  carefully  wMgbed,  first  wii 
after  that  uibtitance  had  been 
the  exact  weight  of  muriata  ol 
under  iCO". 

In  the  earilcr  anaUsM,  tha  si 
riate  bv  fusing  it  uith  common 
liiun«l  liable  to  gome  uncertaii 
miscd,  a  portion  of  the  muriati 
iwd,  even  though  covered  with  ) 
cced  in  preventing  this,  it  it  bu 
Hlver  h  united  in  a  single  mass, 
ly  sink  into  the  cnicible,  and  c 
I-'iir  these  reasons,  1  fu'und  it  m' 
the   weight 


■nilirUx-         A  hunilrcil  grains  of  pure  sil 
'"irnU'iii.  ^'^^''  '''»''"'*■«'  in  nitric  acid, 

r  <niii,.  n,d  whole  was  brought  to  a  state  nt 
"""""^'^  Thcweioht  WKS  lS7.lRpri.in. 
micd.  fumes'  of  nitrous  uci.l  ■ 
silver  wa^  rcilucr<l,  nppeiiring 
flakes.  A  humlrcd  grains  of 
iiiliic  ticid,  evni>orali'd  to  drvi 
prc'iijiitatcil  by  nmriaic  of  sod 
waslied,  was  placed  fir  two  boi 
to  400°.  Il  (Viis  allowed  to  CO 
again  placed  on  the  ianJ  but 
weight  was  not  allererf.  It 
days,  exposed  to  llic  open  air, 
in  iia  weight  louli  |il;i(-e:  the  v 
|iut  the  glass  capbuie,  conlaini 
turrouTiileil  ii  wllh  sand,  and 
it  now  iveiiihcd  onlv  128.6? 
folli.svs,  that  inuriut'eofsiUrr, 
contains  0.75i4  of  silver;  ai 
repeiiiiun  of  thu  expctiracnt  ; 
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Piilt.  Hpnce,  [i>  I'mJ  iho  (juantily  of  silver  in  muiialc  of 
silver  ilriod  itt  u  hi'at  of  nuurly  4C>G°,  we  have  only  to  muU 
Opiy  ils  wi'iijtit  by  0.75G.  Tiiis  wu  llie  inctlioil  wliich  I 
fuDoweil.  U  currr^iioniU  vvry  nearly  witli  llie  result  of  former 
analyses  as  iiiaile  Liy  utlicrs. 

4.  Tlic  siilutiou  Ihu&frL-cd  from  liiu  silver,  and  canlaining  aR<^'^n''ortii- 
coDiidciable  excess  of  niuriulc  of  soda,  was  mixed  willi  nil  ihf  ^jjetl  aiirf'nj- "" 
urai(>r  einplnyeil  to  wasli  ih«  muriate  uf  silver,  and  evaporaied'li*^ 
lo  dryness  in  d  pnrcdiiin  capsule.  Tlie  dry  innS!  was  diss'ilved 
in  water.  Sumetinics  alittlc  mimalc  of  silver  neparalcd  duting 
the  solution.  It  wai  always  cutet'ully  washed,  and  added  to 
tbe  preeipitate  of  silver  previou<ily  obtained. 

A  polislied  plttie  of  hun  wa*  llieii  put  into  the  liquid,  which  Prwipiu 
was  diluted  with  water,  if  m-cessary,  till  it  just  covered  thc^,. 
upper  end  of  the  plate ;  it  was  then  laid  aside  till  the  whole  of 
the  copjM-r  was  thrown  down.  Two  daj-s  were  usually  required 
for  this  scpai-atiun ;  sometimes  longer,  sometimes  a  shorter 
lime  sufficed.  Care  was  taken  not  lo  disturb  the  liquid  during 
the  j'TOCPSS ;  fir  wlicn  the  copper  fails  down,  llie  separation  is 
always  more  tedious.  Wlicn  the  process  was  iinislied,  ih«  plaia 
of  iron  was  withdrawn,  and  the  copper  washed  from  it  in  dis- 
tilled water.  A  porltoii  of  the  copper  often  full  down  when  the 
plate  was  wilhdrBHn.  Assoonasit  had  subsided,  the  liquor 
WAS  decanted  olf,  and  water,  acidulated  with  muriatic  n(id, 
pnureil  upon  the  copper.  This  also  was  poured  iiff  bIIot  a  ievi 
minutes,  and  pure  water  substituted  iu  its  place.  The  portion 
of  Clipper  washeil  otT  the  iron  plale  was  edulcorated  in  tha 
same  manner  with  water  acidulated  with  muriatic  acid.  The 
whole  was  thi-n  collected  on  a  filt(;r,  aud  carefully  washed. 


was  allowed  to  dry  in  the  open 
-  some  hours  on  a  steam  hath, 
nsidered  as  the  propoitl 
As  copper  in  the 


',  and  aflerwafds  p1a,ced 
[  wai  lh«n  wci^lie.l,  and 

of  co|^r  contained  in  the  cum. 

state  does  not  combine  with  water,  Desic-nlioi 


iwder  thus  ohiained  is  easily  dried.  '  Indeed,  if  it 
roughly  dried  in  the  open  air,  it  lo«es  no  sensible  weight  nfier- 
wards.  though  heated  to  301)°.  It  cunnot  be  heated  |o  red- 
ness, because  even  ihoiigh  this  be  dune  in  a  covered  crucible, 
it  very  rapi  lly  combines  with  fxygen.  and  is  converted  into  a 
black  powder.  If  it  be  heated  turuInoM  hi  nn  open  crucible, 
100  grains  generally  incrca^  in  weight  to  ISOsrams. 

Almost 


400  "»"s» 

Clan  po1i*he4        Almott  tliC  w'faolp  of  the  C 

tbfcopper.lM.  be  well  [)oti!>hnl  anti  pure. 

copper  (Erti  into  the  intrntici 
riissolvcd  50  grains  nf  pure  e 
in  Hilphoric  aciil,  evaporsird 
and  put  into  th«  solulinn  a  ] 
copper  precipitated  wcif^ed  ' 
which  ailhered  to  one  side  01 
wu  only  1  per  cent.  100  gr 
liatic  acid,  were  recorcmd  wi 
employed  a  rough  plaie  of  iroi 
6perc«nt.  ;for  fiSgrainsof  CO 
gave  only  65.43  frain*. 

When  copper  iS'  held  in  solu 
down  partly  in  the  metallic  1 
nniriatic  acid  be  poured  upon  1 
Mlved  aimoet  ininediately,  an 
riate  of  copper.  But  if  commi 
add  tolution,  and  the  whole  fa 
sipalc  any  excess  of  acid,  and  1 
if  neceasary,  wiib  muriatic  ad 
copper  in  the  metallic  slate. 

I  did  not  succeed  so  well  in 
per  by  mcajis  of  a  cylinder  ol 
came  porous,  and  it  was  diRi( 
it,  Beaidea,  part  of  (ha  at^fi 
of  an  aDoy,  for  it  effervewed  w 

Cut»iN  Act  A  curious  phenoRieMn  t^ate 
atic  add  was  poured  upon  cap| 
by  line.  The  eOervesceiice  wt 
separated  tvas  aitma  gas,  as  b 
generated. 

The  specific  grarity  of  (ho  fi 
from  acid  solution*  by  imn,  1 1 
rature  of  63* ;  but,  foyrimplyf 
d&C  RTVity  b«came  S.5M. 

CoiDi  which  9aCT.  II.— ThefollowingTa 

WBn  ualirtca.  ^„  „(,ich  I  h8«  analywd,  pi 
lugether  with  the  pradtfcts  obta 
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1.  An  Cng1i«h  hBlf-cimra.    It  was  »  eoin  of  Chftrfea  II.  Bnglhhbilf. 
dated  1671,  and  was  one  of  th«  beaatifiil  pieeei  coiued  by  ^JJ^jj  .^ 
Simeon.    It  weigticd  S90.5  graiiu,  ant)  had  of  conne  aintajnedperl. 
alouof  11  grains. 

Muriate  of  tUVer.  seT-Sl  gT.=201.29  ^ver 

Copper  17.00 

Loss,indudingatraceofgold         2.27 

aao.5 

2.  A  French  half-crowfi.  It  was  a  coin  (tf  Louis  XV.  dated  French  balf- 
1761.     It  weighed  211.5  grains.  IS^r^O.  cop- 

Silver  obtained  by  reducing  ibe  muriate  19O.5  graina 

Copjier 19.2 

Gold 0.3 

Loss • 1.5 

sn.5 

3.  A    rupee.    It  was  brought  from  India  by  Mr,  Pliilip  Hop«e: 
Dundas,  and  given  me  by  his  nephew,  Mr.  Colt.    It  weighed  ^^Y^'i'"*" 
178  grains.     By  an  accident',  the  glass  epntkinrng  il  .was  over- 
turned bikI  broken  noon  afler  the  solution  in  nitiic  acid  began. 

When  washed  and  dried,  the  rupee  still  weighed  I52.j  grains.. 
It  was  this  portion  only  that  was  analysed. 

Silver  reduced  from  the  moriate  UtiJ  paia* 

Copjwr «.£ 

LostflncladingsomegoU •       l.S 

IJ2.J 

4.  A  Spani^  pisterine.  It  was  a  coin  oTLoob  X.  and  dated  Spuith  piMe- 
irs*.  It  was  brought  from  Spain  by  Mr.  P^mjohaiwrn,  offt-J^u  cop- 
Haughton,  from  whom  I  obtained  it.     It  weighed  85.^  gruw>  yw  1. 

Aluriate  of  ulver-- ••94.gr.s7l.iiivef 

Copper 13. 

Lou,  witiia.Uttlegald><<--      L.5. 

89.5 
■  Vol.  XIV.— SupPtlMiKT.  Fff  5.  A 


a>i.<vgB 

Porta^b^fr      -  6.  A  kaK-crasuU  nevm  of  Po 

KhU^ii.  cop.  "^^"^  *"•"'""  "'"*"■  P'^^- 
p«r  I.  r«ter  III.  dUed  17S2.     U  wei| 

Silver  reduced  from  Ihi 

Copper ■- 

Lou 


Sv^iDbDcaiii :      S,    A  Sardinian  com  of  VI' 
Sarrn  9i,  Mjc  it  yimghtd  135.5  graJBi. 

Silver 

Copper ' 


CoiBofBenci      7.  A  coin  of  the  Canton  of  1 
Silw  3i,  cop.  g  .urmountcd  witt  a  crown. 
iit.    Rtveru,  the  armi  of  Ber 
piMiex  JBfnmiri*.— Cf.  20,    Ii 

Muriate  of  nlver  7 
CopftT,  by  ettima 


For  this  and  the  four  preccd: 
lowing,  I  am  indebted  to  Franci 
ton,  wbo  bro%ht  them  from  th 

8.  AcoinofCrotona.  This; 
»lver  coins.  It  is  supposed  l< 
years  before  the  commencemen 
rude,  thick,  not  quite  round  ;  h 
legs,  somctvhat  in  the  shape  of 
the  appearance  of  letters,  bu 
,  pbered.    The  weight  was  1 13.1 

Muriate  of  silver,  144, 

Copper  

Gold 

Lois    ■  ■  • 


Mftftmm  «QiM»  40S 

9.  A  Datdi  guilder,  doted  \79U  Okvefie^  the  arms  tSfXhe  BotohgniMwt 
llcpuWic,  with  the  words,  M§.  Arg.  Ord,  fted.  Beig.  HoU.  ^«^^»«^ 
Revtney  a  female  figure  leaning  on  a  pillow,  and  holdii^  a 

spear.  Inscription :  Hanc  tuemmr^  hoc  nitimur.  It  weighed 
163.93  grains.  It  was  brought  from  Holland  by  William  Sligo, 
Esq.,  from  whom  I  got  it  for  analysis. 

Muriate  of  nlver,  198.90  gr.=150.S7  silver 

Copper 10.72 

Gold .06 

Lots   2.'*8 

163.03 

10.  A  Russian  piece  of  15  copecs,  dated  1789.     Obver$e^  Russian  coin: 
the  head  of  Catharine  IL  with  the  usual  title.     RmrMe,  the  saver4,copper 
arms  of  Russia,  with  the  figures  15,     It  weighed  !!,l,^  grains^ 

It  was  brought  from  Russia  by  Mr.  Hatchett,  from  whom  I 
got  it  fpr  the  purpose  of  analysis. 

Muriate  of  alver,  52.97  gr.  =40.04  silver 

Copper*  • -5 !lli39 

Loss.. L54 

52.97 

In  this  coin  there  was  not  the  smallest  trace  of  gold  to  be 
detected. 

11.  A  Scotch  coin  of  Charles  I.     Obventj  the  head  of  the  Scotch  40  slul' 
king,  with  the  number  XL.  (40  shillings  Scotch).     Inscrip- ^',{l^„«2 
tion :  Car,  D.  Q.  Scot.  Jng,  Fr,  et  Hib,  A.     Rtvtrn^  a  this-  copper  1. 

tie  with  a  «rown,  and  the  motto,  Sabu  RtijnibUctt  Svpremm 
Lex.  It  weighed  27.05  grains.  Its  specific  gravity  was  10.000. 

Muriate  of  silver,  33«02  gr. =24.96  ailver    . 

Copper 1.90 

Loss 0.19 

27.05 

This  coin  was  found  in  digging  the  foundation  of  one  of  the 
houses  in  the  new  town  of  Edinburgh  by  a  common  mason, 
who  brought  it  to  me. 

Fff2  12.  A 


^C4  «IIT««    COUTS, 

itomten.  cam:      12.  A  coin  oTHanburg,  dated  1780.     Mr«nc,  \ht  <4 

^'^''f,^^'  ""^  of  the  coin;  neinemTAai.    Rctww,  »  hnne-    1*1*  cwoi 

likewise  given  mo  by  Mr.  Hatcbett-     It  wngbed  50.M.  < 

■pacific  gravity  was  only  9.01  Si.  i 

Muriate  of  ulver,  33.53  gr.E=r35.S5  uNvr. 

Copper 22,7 1 

Loss 2.36 

50.44 

The  great  quantity  of  copper  in  this  coin  led  me  ut  firt 
luspect  thai  it  might  have  been  accidentally  (tebaaed.  1 
niade  me  anxious  to  examine  onotber  of  the  saine  kind.  I 
f»»or  Jameson  iiimished  nie  with  one  wbicti  he  htd  broi 
from  Germany.     Tbo  resuH  nas  as  Ibllowi :  I 

Tb*Mme  eoio,       13.  A  similar  coin,  ralher  smaller  w  diaioeler,  bet  Aid 
ntberwMM.     j^j^  jy^      j(  weighed  46-7  grains. 


Muriate  of  talveri  31.5Sgr.~7S.S3 

Copper 2S.6o 

Loss 0.27 

46.7 


I 


Having  been  infbrmcd  by  Mr.  Kfilligan,  watcb-csM  tni 
in  EUinb'jfijb,  that  tlie  Spanish  coins  Hitfirad  from  tuch  n 
iaptinr.,  K'.xamined  t)i>  lu-D  fillowing,  Tbe  &nt  wna 
aished  b;.  thai  gcaiieiiuui  »it  a  hpi'cimcn  of  the  purwM  Sp4 
t<ilv«r  ct'ui ;  lUe  second  was  a  common  Spttaiali  dollar. 

Sp*nhhpiiiB<       14.    A  Spanish   pisterino  of  Philip  V. 

ii?«rl8,cop.   weighed  99.07  grains. 

perl. 

Moriale  ofsiTver,  120.30  gr.r^pO.gS   sQva 

Copper    5,53 

hott,  includioe  sotao  gold  •  •  •  •  3,09 


15.  A  6p«f^  doBaiv  <dated  MOl.    Il  w«glMdil5.1^  gr.  SpmUii  aoHtf, 

1. 
Muriate  of  silver,  490.33  gr.rs370.69  silver 

Cojp|>er • •••4C.29 

Gold 0.59 

Loss 1.89 


415.16 


1 6.  A  Danish  60  schilling  piece,  dated  1789-  Obverse^  the  Danish  coin : 
head  of  the  king  of  Denmark,  with  the  inscription,  Chrtsti-  p|.JY.  ^^^ 
anui  VIL  D,  G.  Dan.  Norv,  V,  G.  Rex-  Reverse,  the  arms 
of  Denmark,  with  the  words,  6o  Sckelling.  Sckiesw.  Hoist* 
Courant,  It  weighed  444.55  grains.  Its  specific  gravity  was 
10.3667*  I  recMved  h  from  Professor  Jameson^  who  brought 
it  from  Germany. 

Muriate  of  silver,  516.9S  gr. =390,63  silver 

Copper. 53.68 

Gold     0.09 

Loss • .15 


•" 


444.55 

• 

17.  A  Roman  denarius  at  the  time  of  the  rejnihlic.     Ob-  Roman  deoa- 
versfy  the  head  of  a  warrior.     Reverse,  Diana  drawti  in  a  car"."*- 
by  two  stags;  below,  a  crescent,  and  the  word  Roma.     It  pure, 
vreighed  60.06  grains.     Its  specific  gravity  was  10.463.     I  re- 
ceived this,  as  well  as  the  following  coin,  from  the  collection  of 
Francis  Farquharson,  Esq.  of  Haughton. 

Mariate  of  silver,  78.94  gr.=s59.68  silver 

Gold 0.29 

Copper,  by  estimate  •  •  •  •  • O.O9 

60.06 

The  presence  of  copper  was  rendered  manifest  when  the  last 
solutioci  was  concentrated  and  mixed  with  ammonia.  But  I 
could  not  succeed  in  separating  and  weighing  It* 

18.  A 
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DeMr)u  of         18.  A  dMitriiii  of  ithe  napBtor  DoHiitiuL    On  one  ade  the 

ga^^lap^  farad  of  DomitiaD.    Inscriplioo,  DemiHmmi  Awg.  PJi.  Iwf. 

p$t  1.  and  four  letters  effaced.    Reeenct  a  warrior  with  a  spear  and 

ihiold.    The  inicription  too  mucb  effiu^ed  to  be  read.     It 

weighed  62.28  grains.    Its  qmrific  pafity  was  10.092. 


■  ( 


Mariate  of  silver,  55.35  gr.=41.84  silvei 

Copper*  ••••••• 10.02 

Gold .30 

Loss .12 


52.25 


19.  An  Aostriali  crown,  dated  l5l2.   Ohene,  the  head  of 

fiN^lO^  oop.  ^^^^*^«  II-  wi^k  ^e  inscriptiom  Mattkmt  II.  D.  G.  Faaf. 

y«r  1.  jioAf  •  Rex,    Ktoene^  the  arms  of  these  countries  quartered, 

with  the  words,  Arek.  Jmt.  Daar.  Burg»  Mttrg.  Mo*  Gtri.   It 

weiglied  445.96  grains.    Its  sp.  gr.  was  10.233.     I  leceitcd 

it  from  Professor  Jameson. 


Muriate  of  silver,  533.5  gr.  rr  403.3  silver 
Silver  separated  from  the  gold*  •  •  •  .12 

Copper  .......  i 41.86 

Gnld .40 

Loss ,28 

445.96 


Sect, 


RIITEE  COIVS. 
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!  following  Tabli  exKibtts  the  composition  of  100  pans 
)f  each  of  the  Coins  exaroineil,  according  to  the  preceding 
inklyst). 


KunegoflheCoiu. 

Silver 

Cop- 

Gold. 

Lou, 

otiL 

I.  Anciikt. 

Kian  Coin  of  Crotona  .  .  . 

96.37 

0.86 

0.11 

2.74 

100 

man  denarius  of  die  rrpublic 

99.37 

O.IS 

0.48 

_ 

100 

denarius  of  Doniitiaxi 

80.03 

I9.J7 

0.45 

0.35 

100 

2.  MoDEas. 

96.06 
91.26 

2.95 
7.71 

0.99 

100 

iiish.    English  Iialf-crown  . 

— 

1.03 

100 

—Scotch  40  bhiliing  piece 

92.41 

7.03 

- 

0.36 

100 

;nch  half-crown 

90.07 

9.O8 

0.14 

0.71 

100 

Aaiih  pisteriue 

83.04 

15.20 

— 

l.7fi 

100 

pistorine 

91.80 

5.58 

— 

2.62 

100 

dollar 

89.28 
88.03 

10,18 

0.07 

0.47 

100 

rtuguese.  A  12vinteinpiece 

10.25 

1.72 

100 

Itch  guilder 

91.72 

6.54 

0.04 

1.70 

100 

90.04 
78.77 

9.96 

31.22 

iss 

100 

;rman.    Hamburgh 

51.03 

t8.39 

- 

0.58 

100 

Ditto 

50.25 

^5.02 

4.73 

lOo 
100 

Austrian  crown  .  . 

90.47 

9.38 

0.0£ 

o.oG 

inish.    A  60  schr.Uing  piece 

87.87 

12.07 

0.02    0.O4 

100 

Jiisian.  A  15  copcc  piece  .  . 

75.5. 

31.50 

-        2.9i 

100 
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Tbe  umbll  quantily  of  gold  * 
must  be  considered  at  allogrtfa 
addt'ii  "lo  the  wlver  when  we  i 
The  quaality  of  gold  fouud  in 
Itumun,  cunsidersbty  e.\cee(lB 
the  deimriiis  of  the  republic  it 
of  the  wliole. 

The  ancient  Greek  and  R 
formed  »f  pnre  aWer.  The  m 
conlaia  waa  doubtltas  ftccide 
could  not  have  been  added  on 
D<imitiaii  contain*  19-5  ofco) 
empi^Tor  then,  it  leems,  the 
idlojing  their  gold  with  coppe) 

The  rupee  likewise  Hgipean 
altoy»  which  amouDts  only  ti 
accidental  than  added  on  puq 
of  rupees  current  in  Indif,  ant 
purity. 

A!t  (ho  Europeau  aitvtr  ct» 
'"  •*"  the  proportion  varies  consider 
examined,  and  tjic  Hamburg 
Table  exhibits  the  proportion 
according  to  th«r  purity.  F  I 
the  copper,  sonietiiDet  a>  the 
according  as  1  suspected  fron 
analysis,  that  the  dvGciency  v 
or  other  metal,  or  of  both. 


British ; 

Dutch I 

Autitriui ; 

Sardinian.  •'• ; 

Spanish J 

Portuguese I 

Danish  1 

Swiss ••J 

Russian  .•••••••S 

Hamburgh  •  ••••$ 
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Tli6  first  column  of  this  Table  giyp9  the  supposed  proportioh 
of  alloy  in  lOO  parts  of  the  respective  coin ;  the  second  gives 
the  weight  of  silver  contained  in  each  coin».  on  the  supposition 
that  the  weight  of  the  copper  with  which  the  silver  is  alloyed  is 
always  1. 


VII. 


On  the  Direction  of  the  Radicle  and  Germen  during  the  Vege* 
tation of  Seeds.  By  Thomas  Andrew  Knioht»  &^. 
F.R.S.  In  a  Letter  to  the  Right  Hon.  Sir  Joseph  Banks, 
P.R.S.* 


My  dear  Sir, 


I 


T  can  scarcely  have  escaped  the  notice  of  the  most  iliatten-  Vtrtlcal  posi- 
tive observer  of  vegetation,  that  in  whatever  position  a  seed  is  veMtablfli 
placed  to  germinate,  its  radicle  invariably  •nakes  an  effort  to  fow, 
descend  towards  the  centre  of  the  earth,  whilst  the  elongated  ger* 
raen  takes  a  prjinrisely  opposite  direction :  and  it  has  been  proved 
by  Du  Hamel,*  that  if  a  seed  during  its  germination,  be  fre« 
quently  inverted,  the  points  both  of  the  radicle  and  germen 
will  return  to  the  first  direction.     Some  naturalists  have  sup^ 
posed  these  opposite  effects  to  be  produced  by  gravitation :  and  ---ascribed  to 
it  is  not  difficult  to  conceive  that  the  same  agent,  by  operating  ***" 
on  bodies  so  differently  organized  as  the  radicle  and  germen  of 
plants  are,  may  occasion  tthe  one  to  descend  and  the  other  to 
ascend. 

The  hypothesis  of  these  naturalists  does  not,  however,  appear  ^^*  yet  prov* 
to  have  been  much  strengthened  by  any  facts  they  were  able  to 
adduce  in  support  of  it,  nor  much  weakened  by  the  arguments 
of  their  opponents ;  and,  therefore,  as  the  phenomena  observ- 
able during  the  convenion  of  a  seed  into  a  plant  are  amon^t 
the  most  interesting  that  occur  in  vegetation,  I  commenced  the 
experiments,  an  account  of  which  I  have  now  the  honour  to 
request  you  to  lay  before  the  Royal  Society. 

^  Philos.  Trans.  1600.  f  Physique  des  Arbres. 

Vol,  XiV.  Supplement,  Ggg  descent 
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rroUbiiHv  I  concfiivd,  that  if    gravic 

iCmuacof  *     iJeH'ciit  of  the  fadiclp,  onA  of  th 

tjii»iir  ci.n-     „(.[  cither  by  H»  thimntiate  hif 

ihe  tn-U-ln  cf  "^'^  vcsselt  durin*;  their  fiirmati 

ii.c  M-..!.  sdiui'iii  distribution  of  tlio  rruc  i 

iiiii)  IIS  grAvitalion  would  ptodi 

vrcd  romulncfl  at  n-ft,  and  in  l1 

iitlranion  uf  the  nirlh,  I   imaf 

lii'i'oiiic  suspcnilcit  by  constanti 

•if  tlie  geminatini;  Kod,  and  tbi 

Ilia  HgenCy  of  ccntrifiigaT  force. 

F.rjiuwtrcrnt-      Ilavtn*  a  Kroiig  rill  of  wUe 

ttncd  IB  all       I  pj„5tructcd  a  small  wtwdr  M 

posltioiii  to  tnc 

rircumrrifiire  com,  wlapibg  anoilier  nbeeli 

revoKior'^''*    formed  of  very  slender  piecvi 

iibo.L  JUtund  the  circuinfcroncoof  tbc 

ii)  (liainctcr,  numeioui  seeds  o 

been  soaked  in  u-aler  to  pr«dt: 

paniion  were  bound,  at  short  d 

radicles  of  th«se  seeds  were  tat 

ijlbers  as  tangeats  to  its  curve ; 

iiihcrs  forwards,  relative  to  Its 

opposite  directions  in  lines  para 

1  lie  whole  was  inclosed  in  a  b 

.1  wire  grate  wus  placed  to  f 

ctipabic  of  impeding  the  nioti<w 

— winrii  iH-r-        The  water  being  then  adniitti 

forwfd  lio  rc-jijjpg  „ore  than  150  revolution 

oiiDutc.  of  the  seeds  relative  to  the  e«r 

fccily  inverted  within  the  san: 

conceive,    that    the  influence  ( 

u  holly  iiuspended. 

The  pwdj-  praiv      In  a  few  days  the  seeds  begai 

" '^-I'dT  ^tod    "'  ****  *'^  ''"^  opinions  I  had 

ro  (iit-wnirr,    mflny  others  which  I  hud  long 

tind  tne  raili-     f^^y]i  of  tlie  experiment,   I  w 

poBliedircc-      anxiety,  though  not  With    much 

"""■  the  pleasure  to  see  that  the  radi 

wen  itrotnided  from  ths  positioi 

outn-ards  from  the  circumfere 


rccEtATios  or  seens. 

luWqueni  grnwlh  receded  nearly  at  rijlit  angles  from  il&  s\is. 
The  l,>tTrmTO5,  on  the  coi\U«ry,  lot'k  the  ojipoiiic  diri-ciioii,  mid 
fa  a  few  dnys  ihclr  points  all  met  in  the  centre  of  tlic  vtUfd. 
Vhree  of  ihese  pliints  were  siiltred  to  remain  on  the  wheel,  and 
9wro  secured  to  its  spokes  m  pievi^nt  ihcir  Ix^ing  tlinken  oS  by 
iU  motion.  Tlic  stems  of  these  plants  stiun  extenckd  boyond 
Ibe  centre  cf  the  ahecl :  hut  tliu  sanio  cnn*  which  firsl  occa- 
n  lo  approach  its  a\i%  still  opeiaiing,  tLeii'  points 
ntumcd  and  met  ngnrii  at  its.  centre. 

-    Tho  motion  tif  ihi'  \'.Iiecl  beii^  in  this  expcrirEiPi)t  vcilicHi,  R 
-ihc  radicle  and  germen  of  every  seed  occupied,  during  a  minu  te 
^rtion  of  time  in  each  revolurinn,  precisely  the  some  position  ■'i 

would  have  as£unied  iintl  t^e  £<-eds  ve^iclaled  at  rest ;  and 
to  gravitation  and  centrifugal  force  also  acted  in  lines  parallel 
;,«illi  the  vertical  moiioit  and  -(urliicc  of  the  wheel,  f  conceived 
Ifbat  somestighi  uL>jcctu:ns  might  lie  ur^.d  agaitut  the  conclu' 
lions  I  felt  inclined  to  drsw.  I  tlicrnjotc  added  to  the  niaclii- 
*tr>- 1  have  desciihcd,  anothur  wheel,  which  moved  horizontally 
jffer  the  vertical  ywhccls  ;  and  to  this,  by  means  of  multiplying 
rU  of  diSerent  povecrs,  I  was  (■nu.bled  to  give  many  degrci-s 
f  I'clocity.  Rom)d  tbc  ctrcumiorencc  of  the  hori^outal  wheel, 
>tiOMs  diameter  was  aisc  cIciFn  inclies,  seedepf  the  hcan  wefti 
II  the  experiment  which  X  have  already  described; 
«Bd  it  was  tliea  made  to  pcrfoim  'i5Q  rvvpluticos  in  a  ininuk-. 
Sff  the  rapid  motion  of  (lie  water-wheel,  much  water  vva&  thrown 
|lpwar<h  on  the  horixontai  wheel,  part  ■  f  ithich  supplied  tlit 
seeds  upon  it  wjih  nioistuii:,  and  the  remainder  was  diq)er»e(I, 
in  a  ligbl  and  ctmblant  shower,  over  the  seeds  in  the  veriical 
wheel,  ani^  on  others  placed  to  ifgolule  ul  rest  in  dilferent 
^aitsof  iLchu.i. 

Every  seed  on   the  horizontal  wl^eel,  though  moving  with  T 
^irtat  rapidity,  necessarily  retained  the  samti  position  relative  ^ 
to  the  attraction  of  (he  earth  ;  a^d  therefore  the  operation  of  d' 
gravitation  could  not  he  suspended,  tboujjbt  it  might  be  coun<  " 
teracted,  in  a  very  considerable  degree,  by  centrifugal  force:  '••> 
and  the  diffemnce,  I  had  anticipated,  between  the  effects  ot'"( 
rapid  vertical  and  horizontal  motion,  soon  became  sufficiently'^ 
..obvious:  the  radicles  pointed  downwards  about   10    degree* 
.below,  and  the  germej^s  as  many  degrees  above,  the  horizontal 
/Hue  of  the  wheela'  motion  ;  centrifugal  force  baring  made  both 
Ggg3  to 
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ti>  drviat?  ^0  dnftreet  from  the  pcrpendicnlKr  direction  | 
wnuld  hnti'  (akra,  hml  it  vceHBtedat  rcu.  Onduftlly  A 
ishitu  the  rH]v(litj'  ol  the  mution  of  the  hnriaontttl  wheel 
radicle  doioriiilFd  more  |H?rp«nili cub rly,  and  ihv  germtml 
EDorr  ujirighl ;  and  when  it  riid  not  perform  more  than  81 
volutions  in  a  tnmuic.  ihc  ladicle  puinied  about  41  id 
beluw,  and  tli«  germen  ^s  mucli  above,  ibe  huriauntal  Itn^ 
one  ainui's  recriting  from,  and  the  other  approacbtag  l<v! 
aicbuf  till-  wlii'el.  I 

Remmiki  on  i  triiuld  not,  however,  be  untlentood  to  atserl  that  (14 

■^u^^«f  L*  '"^"^  "^^  *^°  "■'  °^  ^'^  bori*ont«!  rev(Jutk»ni  in  a  mmuU) 
cipcriineau.  always  gi*e  accurately  ihe  di-erces  of  tlppreuion  and  tievi 
of  ihi-  radicle  and  »rmpil  which  I  have  roenttoned ;  fori 
T3)iidity  of  the  raotiun  of  my  wheels  was  (MnetiniM  dinunil 
hy  the  collection  of  fibres  of  conferva  aaaintii  tb«  wire  g|| 
which  ohstrurtPi!.  l.t  j'  mo  degree,  (h«  pauage  of  the  wa| 
and  themBchir-e-  ,  ha'.-ir.L'  been  theworkman*hip  of  myielfl 
my  gBrdent  t,  canrml  be  supposed  to  have  movMl  with  alt 
rcguki.i>  it  niighi  ri.ttu  done,  had  it  bees  made  by  a  pr^ 
si<jQal  niechatiK.  Bm  I  conceive  myself  to  have  fully  prd 
that  ti:e  i^nicli's  of  sermmaiing  wedsaremadeto  descend, | 
their  gcrroens  la  ascend,  by  some  external  catue,  and  not 
any  power  inherent  tn  vegetable  life ;  and  X  see  little  reaMJ 
do.il't  that  grsvjtatinn  is  the  principal,  if  not  the  onlv  ai 
employed  in  this  case  by  nature.  I  shall  therefore  endea* 
to  point  out  the  means  bv  which  I  conceive  ibe  same  agent  4 
produce  etfecti  so  diiimetri cully  opposite  to  each  oilier.  i 
The  radicle  of  a  germinating  seed  (as  many  natnraliati  fl 
™"  observed)  is  increased  in  length  only  by  new  paits  successiri 
ure«  aittted  to  its  apex  or  point,  anJ  not  at  all  by  any  general  I 
3  the  t^^'ton  of  parts  already  formed  :  and  iho  new  matter  whid 
thus  succes^ivelv  added,  unqii  est  ion  ably  descends  in  a  9 
slate  from  the  cotyledons.*  On  this  fluid,  and  on  the  \-eget^ 
fibres  and  vesiels  whilst  soft  and  flexible,  and  whilst  the  mat 
which  composes  thcni  is  changing  from  a  fluid  to  a  »olid  sta 
gravitation,  I  conceive,  would  opemle  sufficiently  to  giva 
inclination  downwards  to  the  point  of  the  radicle  ;  and  ai  ! 
radicle  has  been  proved  to  be  obedient  to  centrifugial  forc»J 
can  scarcely  be  contended  that  its  direction  n-ould  rcmj 
uninfluenced  by  gravitation. 

*  See  Philos.  Trans.  1805. 
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I'liaTe  Mated  tliat  the  radicle  it  increased  in  length  only  by  Aod  alio  in  tba 
|iarts  sQccesiiTely  added  to  its  poiat.  The  RcrinPU,  on  the  con-  fe™""- 
trvy,  elongates  by  a  gcoeml  Qxiemion  of  its  (larls  previously 
otganized ;  and  its  vessels  and  fibres  appear  to  extend  thema 
■rives  in  proportion  to  the  cjuaatit/  of  nutriment  they  recfeiv«. 
If  the  motion  and  consequent  diatribuiion  of  the  true  sop  be 
influenced  by  gravitation,  it  fallows,  that  tvtien  the  gcimen  at 
ita  fintt  emiseion,  or  subsequently,  deviates  front  a  perpendicu- 
lar direction,  the  sap  must  accumulate  on  its  upper  side ;  end 
thence  it  follows,  that  the  point  of  the  gennen  muU  always  tarn 
upwanls.  '  And  it  has  been  proved,  that  a  similar  increase  of 
growth  takes  place  on  the  external  side  of  the  gerroen  when  the 
up  is  impelled  there  by  centrifugal  force,  as  it  is  itttrected  by 
gnivitation  to  its  under  side  wben  the  seed  germinato  at  rest. 

This  increased  eloneaiion  of  the  fibres  and  vessels  of  the  "^^  »vnt 

.     ,         ,  ,  effect  of  grsfl. 

tinder  side  is  not  connncd  to  the  germcnt,  nor  even  to  the  an-  tati»n  takd 

nual  shoots  of  trees,  but  occurs  and  prodiices  the  most  cxten'F'^'^ .'"  '^ 

'  branches  ul 

■ive  e&cts  in  the  subsequent  grmth  of  their  tnmks  and  tn-e<, 
branches.  The  immedidte  effect  of  gravitation  is  certainly  to 
occBsion  the  further  depression  of  every  branch,  which  ex- 
lends  horizontaUy  from  the  trunk  of  the  tree;  and  when 
«  youn^  tree  inclines  to  either  ^du,  and  thus  occasions  an  in- 
creased loDgitudipal  extension  of  the  substance  of  the  new 
wood  on  that  side,*  the  depressiion  of  the  tatem)  branch  b 
thus  prevented  ;  and  it  is  even  enabled  to  mjsc  itself  above  its 
OBtural  level  when  the  branches  above  it  are  reoioved-;  and 
the  young  tree,  by  the  saTne  means,  becomes  more  upright,  in 
tliivct  opposition  to  the  immediate  Rclion  of  gmtitntion, 
nature,  as  usual,  executing  the  roost  important  operations  by 
the  most  simple  means. 

I  could  adduce  many  more  facts  in  support  of  the  precee<I-  Inversion  of 

,,.  ....  ,.  ..  the  iced  sfter 

ing  deductions ;  but  those  I  have  staled,  I  ■conceive  to  be  suf- protnxioD  of 

licicnliy  conclusive.     It  has,  however,  been  objected  byDu"'*^""'" 
HamcL  (and  the  gi'eatest  deference  is  ahvaj's  Hue  to  his  opini-  vent  tbe  effect, 
ons),  tliat  gravitation  could  have  little  intiuence  on  the  direc- 
tion of  the  gennen,  trerc  il  iii  the  first  instance  protruded,    or 

*  This  cfTect  does  not  appear  to  be  produced  in  what  are  called 
weeping  trees;  the  cause  of  which  I  have  cndeavonrcd  to  point 
01)1  ill  a  rornici  memoir.  Philui.  Trans.  1804. 
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verc  it  subsequently  inyertcd,  aad  made  Co  point  perpoidici 
)arly  ilownwards.  To  enable  Myself  to  •nsirer  thn  ol^Ktioi 
1  made  many  experiments  on  seeds  of  the  Iforse-c&fsnoti  m 
of  ihc  bean,  in  the  box  I  have  already  described  :  and  »tbi 
seeds  thenr  Avcrc  suspended  out  of: the  earthy  I  could  ve^iltilj 
watch  the  progress  of  every  eibrt  made  by  the  radicle  am 
gemien  to  change  their  positioRs.  The  extremity  of  the  rtifr 
deof  the  bean,  when  made  to  point  perpendicularly  upmidi 
generally  fonned  a  oonuderable  cunrature  wiHiin  three  oi  km 
hours,  when  the  weather  waa  warm.  The  germeo  was  aon 
sluggish ;  but  it  rarely  or  neter  failed  to  changw  iM  direclioi 
in  the  course  of  twenty-four  hours ;  and  ell  my  efforts  to  9ah 
it  grow  downwards^  by  slighdy  changing  its  direction^  were  ia 
variably  abortive. 

Another,  and  apparently  a  more  weighty,  oli^tion  to  th 
preceding  hypotliesis  (if  applied  to  the  subsequent  growlli  an 
forms  of  trees),  arises  from  the  ^ts  that  few  of  their  branchc 
rise  perpendicularly  upwards,  andthat  their  roots  alvrayssptra 
horizontally  ;  but  this  objection,  I  think,  may  be  readil 
answered, 
^"T***^  f  '^^  luxuriant  shoots  of  trees,  which  abomid  in  sapr  i 
trees  do  not  whatever  direction  they  are  first  protruded,  almost  unifonsl 
exactly  obey  jyj.j^  upwards,  and  endeavour  lo  acquire  a  perpendicular  di 
rection;  and  to  this  their  points  will  immediately  return 
they  are  bent  downwards  durin<*  any  period  of  their  git>ii{li 
their  curvature  upwards  being  occasioned  by  an  increased  ea 
tension  of  the  fibres  and  vcb&cis  of  their  under  sides,  as  in  ih 
elongated  gcrmcns  of  seeds.  The  more  feeble  and  slend< 
shoots  ot  the  same  trees  will,  on  the  contrary,  grow  in  almo! 
every  direction,  probably  l>ecause  their  fibres,  beii^  more  dn 
and  their  vessels  less  amply  supplied  with  sap,  tbevareks 
afiected  by  gravitation.  Their  points,  however,  gonerally  sbf^ 
an  inclination  to  turn  upw  ards ;  but  the  o|^ratron  of  light,  ii 
this  case,  has  been  proved  by  Bonnet  *  to  be  very  consider 
able. 
Why  the  roots      The  lediclc  tapers  rapidly  as  it  descends  into   the  earth 

hoH^ntailyr^  ^"^  ^^  ^^^'®''  P*^^  *'  "'"^'^  compressed  by  the  greater  soUditi 
of  the  mould   into  which  it  penetrates.     The   true  sap  sh< 

*  Recherchcs  sur  TUbage  dcs  FeuUles  dans  Ics  Flaqtes- 

continue 
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1  descend  from  the  colylwton*  nnd  leaves,  and  oc- 
jiiIiQued  increase  of  tlic  growth  of  llio  upper  pnrls 
crndide;  and  this  growth  is  subKqticnlly  Hugmciitcd  by 
Iccts  of  motion  when  llio  gcrmea  has  riwn  aliovc  i)ic 
d,     Tlie  true  »n|i,  tlicrcfore,  necessarily  obstructed  in  its 
iti  numerous  lateral  rooU  nic  generuled,  im<i  which  s 
n  ©f  ibe  descending  sap  enlcn.     The  substance  of  ihese 
i,  like  lliHt  of  the  slender  borizonml  briinches,  is  much  less 
h>n  thiit  of  the  radicle  first  emitted,  and  they  are  in 
■c  less  oliedierit  tu  gravitation ;  and  therefore  meeting 
It  rcaistnticc  from  the  superficial  soil,  than  from  that  bcneatlt 
fljey  cKtcnd  harizonmlly  in  every  direction,  growing  with 
it  rapidity,  and  producing  the  groatctt  mimbcr  of  ramttics- 
nherever  they  find  moM  vramth  and  a  soil  best  adajited 
I  nouri^i  the  tree.     As  these   horizontal  or    I«tcra4  roots 
Kind  the  base  of  the  tree  on  evay  side,  the  true  sap  dc- 
s  bark,  enters  almost  exclusively  into  i hem  ; 
the  Arst  perpendicular  root  having  executed  ils  olTicc  of 
noisture  (o  the  plant  whilst  young,  is  thus  deprived  of 
tiiment,  and  ceasing  almost  wholly  tu  grow,  incomes 
of  no  iin]Kntancc  to  llic  tree.     Hie  tap  root  of  the  oak,  about  The  notion  ot 
which  wi  much  has  been  tvriltcn,  will  possibly  be  adduced  aa  '^JJipd^d" 
an  cxMpti<;n,  but  having  allemively  examined  at  least  90,000  -^ 

trees  of  this  spcciet,  many  of  which  had  grown  in  some  of  the  ■ 

deepest  and  most  favourable  soils  of  England,  and  never  having  H 

found  n  (ingle  tree  |)Ossessit>g  a  lap  root,  I  must  be  alloned  to  ■ 

doubt  EhU  one  ever  existed. 

As  trees  possess  the  power  to  turn  (lie  upper  surfaces  of  their  Trec^  hiT«  ■ 
Icavos  iifld_  the  points  of  their  shoots  to  the  light,  and  their  p""'^'' "'''I"*'" 
tendrils  in  any  direction  to  attach  themselves  to  contiguous  muist  or  dry 
objects,  it  may  be  suspected  that  their  lateral  roots  are  by  some  l'l«^«  nevati- 
means  directed  to  uiy  soil  in  thor  vicinity  which  is  best  calcu-  « 
Liied  to  nourish  the  plant  to  which  they  belong  ;  and  it  is  well 
known,  that  muclk  the  greater  part  of  the  roots  of  an  aquatic 
plant  which  has  grown  in  a  dry  soil,  on  the  margin  ol  a  lake  or 
river,  have  tiecn  found  to  point  to  the  water  ;  whilst  those  of 
anotiiiT  sgpcics  of  tree  which  thrives  best  in  a  dry  soil,  hnwe 
bee tt  ascertained  to  take  an  opposite  direction.    But  the  remit 
of  some  i'Xperimeni<«   I   have  made   is   not   favourable  to  this 
hypothesis :  and  I  am  rath<r  incUncd  to  believe  that  the  roots 
diipcrx 
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on  Ttrvn* 

Hftpcrw?  llicmselvrt  in  ewry  t 
Tiui.irrons  where  thpy  find  n 
iirlsptcd  to  tijc  ipecin  of  pU 
bowcvrr,  brcn  sufEcicntly  van 
qnaliun,  whicli  I  profxtse  to  i 
bgation. 

Elton,  Xov.  22,  1805. 


Oh  I%mder  Stormi.    1 
To  Mr.  N 
SIR, 

T  Edge  Lam,  t 

H£  many  thunder  itorm: 
brought  to  my  mind  k  fev  ret 
cato  to  you,  noariy  nine  ycsi 
tt  that  time  prrvcntcd  roe. 
ed  by  any  one  cIm,  I  now  tnxi 
think  them  worthy  of  a  plan 
will  oblige  me  by  inserting  I 
may  be  kind  enough  to  malci 
I -an 


Fracklin't  dik-        Tbou^  the  cRectS  of  thufh 

rlectriritf  uc    mattoT  of  COtljeCtUTS,  until    i 
iiie  3»ma.  nient*  were  made  on  li^ninf 

doiilrt,  that  lightnin);,  and  the  ' 
Mme,  as  he  wai  enabled  to  cbi 
menti  by  tiic  rlectrical  fluid 
fmt  facility  as  by  mean*  nf  t) 
llaMnj  proved  tko  flmiluril 
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cal  fluid,  the  docfor  naturally  concludes  iliat  thunder  it  the 
sound  caused  b»  the  discharge  "f  a  ctoud  tutitainma  «n  ifn-' 
meiBP  qufinlity  of  electrical  fluid  accumulated  together,  o^ .. 
says,  "  if  two  gun-barrels  electrified,  will  strike  at  two  inehiJiP' 
"  asunder,  ahd  make  a  loud  report,  whitl  would  be  the  effect 
"  of  perhaps  ten  thousand  acres  of  elcctrififd  cinud." 

If  the  discharge  of  an  electrified  cloud  were  the  sole  cause  Remark,  ti 
of  thunder,  and  the  clouds  were  charged  to  so  Urge  an  ex-  'J;,^'!",^^ 
tent,  ii  is  probable  that  the  effects  would  be  much  more  Tre-dMcricitij 
mewlous,  and  that  fnlal  accidents  would  more  fre<iucntly  occur 
than  they  do  at  present ;  but  itappears  almost  impossible  tTiat  ^H 

so  large  a  qitanlity  of  the  electrical  fluid  could  be  accumula-  ^^t 

ted,  particularly  alter  the  first  discharge,  when  ihc  equilibrium  f^M 

is  restored,   and   the    clouds,   beini;  full    of  wet    fapour,   ore 
consequently  bccomi.'  good  conduclurs. 

It  seems  more  pn.bable,  that   thunder  is    caused  by  the —but  from  tU 
explosion  of  hydrogenous  and  oxigenous  gas  lired  by  the  elec-  ^^^,^1^  ^ 
trical    fluid.     It  is  well    bnuwn  ihat    bolh  these    gasei  areoxigco. 
coustanliy  produced  on  llie  surface  of  the  earth;  that  atsg- 
nated  ponds,  swamps,  &c.   emit  carbonated    hydrogen  gas;  ^h 

and  that  plants  aie  Continually  decomposing  the  nir  of  ihe  ^^M 

atmosphere,  byimbibin>;  the  nitrogen,  and  emitting  the  oxi-  ^H 

genous  gas.     This  decura|Hisiiioii.  and  the  formntion  of  these  ^^ 

gases,  goes  on  Hiore  rapidly  in  warm  than  in  cold  weather. 

On  the  commencement  of  a  thunder  storm,  a  is  observ-  Obserrationi 
able  that  the  clouds  are  not  very  dark,  but  that  after  one "" '^''^•' 
or  two  explosions  they  become  very  black,  owing  to  the 
gases  being  converted  into  water:  the  ram  then  becomes 
heavy,  and  small  detached  clouds  fly  towards  the  storm  in 
every  diredtiun,  twt,  1  imagine,  by  the  attraction  of  the  eleciri- 
chI  fluid,  but  to  restore  ihe  equiUbriLim,  and  to  hll  up  the 
vacuum  caused  by  the  gases  baring  exploded  and  formed  wa- 
ter, and  consequenily  occupying  a  much  Irss  space  than  they 
did  when  in  the  statt  of  gas.  These  doudi,  by  containinj  the 
mixed  gases,  may  serve  ro  Teed  the  storm,  or  the  moisture  ia 
them  may  become  decompoied  by  the  electrical  fluid,*  tud 
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*  "  ComiBOn  fire,  as  well  as  electrical  fire,  gi'es  repulsion  to 
'  tlie  particles  of  water,  nod  destroys  iheir  attiaciion  ufcnbeglon; 
'  hence  common  fire,  as  well  a*  elucirical  fire,  laiiUE  in  raisiug 

'  vapours." — FraiikUn's  Works,  vol.  i.   [juge  BOO. 
Vol.  XIV.— SuppLiMENT,  H  b  h  may 
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Obf^rvations     may  iorm  volumes  of  hydrogjetn  and  oxigen,  *hich  exfiote 

iTor^"  &c.       "P«n  ^e  ^^^^  discharge  of  an  electrified  dead. 

If  a  thunder  storm  at  a  few  miles  distance  be  observed  when 
the  rest  of  the  sky  is  tolerably  clear,  a  quantity  of  white  doiidi, 
the  bottom  of  thorn  6at,  but  arched  on  the  topf  (owiof^  pn>- 
babiy,  to  the  resistance  of  the  atmosphere  against  their  ris- 
ing, supposing  them  to  contain  the  mixed  gases,  which  sre 
lighter  than  the  common  air  of  the  atmosphere),  will  be  KfD 
floating  above,  and  at  thit  sides  of  the  mass  in  which  is  the 
storm;  hy  observing,  these  >Khite  clouds  attentively,  some  of 
them  will  be  seen  suddenly  to  become  dark,  and  soon  after 
to  unite  in  the  general  mass.  In  this  case,  it  appears  tbst 
a  partial  explosion  of  the  gases  contained  in  those  clouds  nuist 
have  taken  place. 

If  thunder  were  caused  merely  by  the  disciiaige  of  an 
electrified  cloud,  and  not  by  the  gases  explodii^,  the  hea- 
viest clap  would  always  attend  the  lar^st  and  most  vivid 
flash  of  lightning ;  but  that  is  not  the  case,  for  a  small  clap 
of  thunder  frequently  follows  a  large  flash  of  lightning. 

When  the  lightning  takes  an  horizontal  direcdon,  there  is 
frequently  either  no  thunder,  or  a  very  small  clap ;  but  when 
ft  takes  a  perpendicular  direction,  the  thunder  is  the  hea- 
viest. This  is  probably  owing  to  the  gases,  which  are  formed 
during  the  storm,  being  collected  above  in  considerable  quan- 
tities. When  1  mention  the  lightning  taking  these  different 
directionb,  I  do  not  mean  the  electrical  fluid,  which  appears 
blue,  and  frequently  in  a  zig  zag  form,  but  that  reddish 
H^t  which  surrounds  it,  and  which  has  the  appearance  of 
a  shadow,  and  may  be  frequently  observed  to  extend  to  a 
great  distance  from  the  blue  light,  and  which  I  conceive  to  be 
the  gases  in  the  act  of  exploding. 

From  the  number  of  clouds  that  join  the  storm,  the  gases 
must  fix?quenlly  be  in  detacliod  portions;  and,  when  several 
of  them  are  fin»d  nearly  at  the  same  time,  the  explosions 
will  be  heard  in  several  distinct  claps,  which  may  be  observed 
in  almost  every  thunder  storm. 

In  hot  weather,  when  it  is  rather  windy,  lightning  is  fre- 
quently obser\Td  unaccompanied  by  thunder;  in  this  case, 
it  appears  that  the  wind  has  either  blown  the  mixed  gase» 
abroad,  or  prevented  theii  union. 

From 


i 


4  IroVi  'i'ricbVii  i»¥.  '^4t9 

' '  Pfom  (he  above  observations  it  appears  probabTej  tbaf  tbe  Thunder 
sound  of  thdnder,  and  the  formation  of  rain  during  a  thun-  ' 

der  storm,  are  caused  by  the  explosion  of  volumes  of  by- 
drogenous  and  oxigienoas  gases  fired  by  the  lightning ;  ieind 
I  am  not  aware  of  any  phenomenon  attending  a  thunder 
storm,  but  what  may  be  easily  accounted  fbr  upon  the  same 
theory. 


IX. 

Tarthtr  Communication  from  £.  D.  respect  h^  the  Discoceritt 

of  Mayow. 

To  Mr.  NICHOLSON. 
SIR, 


I 


FORWARDED  to  you,  a  few  days  ago,  some  additional 
remarks  on  Lavoisier^s  claims,  and  stated  some  opinions  of 
Mayow's  concerning  acidification.  On  looking  again  Into  that 
author,  I  have  met  with  such  further  facts  as  I  thought  might 
be  welcome  to  you,  and  request,  Sir,  that  you  will  make  such 
use  of  them  as  you  think  fit. 

I  am,  Sir, 

Your  obedient  servant, 

E.  D. 


.  ..» 


Speaking  of  the  generation  of  nitrous  add,  Mayow  says :  Mayow^s  in- 
**  Ut  autem  intelligatur,  quo  ritu  spiritus   acidus  nitri  in  terra  ^i*^^^ur  c*^1d 
**  generatur,  liceat  non  nulla  de  ijnritu  sulpkuritf  caeterisque  it  formed  by 
"  liqaoribus  acidis  pnemittere :  quippe  spiritibus  acidis  qui-  J2[e*!juric  *** 
**  buscunque  similitudo  maxima,  et  affinitas  intercedit/'-^ 
Tracts,  punq.  p.  32. 

He  then  combats  the  notion  of  the  acidity  of  vitriol  arising  That  the  acid  is 
from  an  acid  salt  contained  in  the  sulphur,  and  thinks  the  acid  "i^  Jl"  ^  '" ' 
spirit  may  be  formed  during  the  deflagration  of  sulphur,  from 
the  mutual  action  of  the  sulphureous  particles  of  the  deflagra- 
ting matter,  and  the  nitre-aerial  particles  of  the  air ;  which  ac- 
tion he  considered,  however,  to  be  of  a  mechanical  nature. 
Jhid.  p.  34.  In  support  of  these  opinions,  he  refers  to  some 
circumstances  occurring  in  the  distillation  of  oil  of  vitriol,  where 
he  has  these  words:  ''  Quippe  experiemtii  constat,  qaOd,  si 
**  distillatio  vitrioli  per  decern,  aut  etiam  plures  dies  cum  igne 

H  h  h  2  *^  maximi 


ADO 

"  mutimi  intenso 
M  ncwptaculum  prodibi 
**  «M,  spiritum  quemvU  sridum  adeo  6xun),  M  pondtrDwi 
"  esse,  qui  laoi  din  in  igne  qu^m  violenlissimo  permaaera  p^ 
"  ait:  seri  poliu^  puUndum  ebt,  particulas  ignit  nitro-senni 
"  long&  ill^  diHillaiionc  vjrrioli  cum  sulphure  congredi  el  d 
"  fervocere." — Ibid.  p.  3$,  J 

Th«t  regetmbie  His  opinions  roncpi'ning  ibe  forroetion  of  the  vtrgelkble  *cifl 
■tidi  ^r  form-  ^"  ''"'*  expreskcd  r  "  Praterei  neido,  an  uon  spiritm  idA  * 
uriogdiMit  "  lignis  pooderoiJs,  veluti  lijino  guftiaco,  idf)UP  gcntis  alibdM 
"  lilluli,  simili  rtLtionr  per  igfih  upcraiionprn  iater  diitilUM 
"  dum  6ani :  quippo  lignum  guaiftci  «nle  distil  la  tionem  tmtlJ 
"  qusm  sale  aciilo,  sed  potius  sale  fixo  donari  videtur.  Uw 
"  etiam  facU,  quud  parlirula  nilto-aBrcc  iK^i*  C)>">  panmlic 
"  ligni  sulphureia  inter  distillaiiduRi  congreisie  ad  Hooi^iopw 
"  ducant.  [Ilud  eiiani  oLiier  aniiuiainus  qu6d  spinln»*n4 
"  e  eaccharo,  ei  melle  di^liHaii,  btiwd  multun)  atHiraiij  rill 
"  per  aciiiintra  spjriius  nitro-aerri  igiiii  6fri  vidcontur."^ 
Ibid.  p.  28. 
BpoflUoeoiii  As  lo  ihi:  sponlaneiius  rurniaiion  of  yilrioltc  add,  he  ay\ 

*ulphitricw:<d'  '''°'  ''  vitriol,  frura  which  the  vfliolt  acid  spirit  has  bwn  « 
pelled  by  calcination,  l^e  exposed  again  fur  somclinKloi 
moist  air,  ii  will  b-;  impregnated  anew  with  the  add  sfuH.- 
IbU.  p.  3S.  Viinul\,  be  adds,  are  tbrmcd  uul  of  a  nliw  wl 
phureous  earth,  w!;ic4t,  when  cummilttd  to  the  fire,  will  j-i«* 
ftuwen  of  Mllphuri  and  whra  expoted  a  du«  tin>c  lo  uf  W 
musiunt,  spontaneoubly  rerments,  Hnil  hecomeA  richiy  '"V't 
natrd  with  vitiiul.  "  Niniiruiii  apiritus  nUro-Hcrcu*  ciua  id 
"  pbure  mctalbco  marcba>itaruiiii!>tiiruni«(r«rTPsc«B»,parM 
-(!  caium  fihiQrem  in  liquorrm  acidum  convemt." — IMd 
p.  39.  He  furtbi-r  coiisidtrs  rust  of  iron  to  bo  produced  Ig 
Jl^.1«  ,ri><.  '  i^eacbun  uf  these  saiiie  niuu-a«rial  particle*,  wbick,  eaai^ 
....  *.:■  bining  with  the  oiclallic  sulphur  of  tK«  iron,  funs  an  adi 

that  corrbdcs  the  metallic  pprlicki. — Ibid.  p.  40.  Am!.  Uc 
hiding  lo  all  these  opinions  in  another  part  of  hit  tnd,  U 
has  thene  ivordt :  "  Quanquam  eum  spiniuc  luiro-wnHi 
"  acidus  Don  sit,  ab  «od«m  (amen  farrum  corrodilur,  Miv 
"  ola  coaficiuntur,  uUa  Axa  ad  fliiorem  ptrduconuri  m 
**■  ramque  cumpages  tiiDquan)  ab  univcnali  maiHlflio  lelna* 
.  ,  .."  tur," — Iractal.  gxin^.  p.  W. 
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BCIBKTIIIC    XKWI. 

Sucb,  Sir,  are  the  fecl»  notice'!  by  Mayow,  which  appeared 
to  me  9o  striking,  that  1  have  been  induced  to  send  tliem  to 
jou,  to  make  hereafter  what  uwj  of  them  you  please.  I  have 
Avoided,  as  much  as  po^Aiblc,  introducing  the  absurd  ibeuries 
by  which  be  endeavoured  to  acrrninl  for  the  facts  he  ob-'- 
served,  and  which  do  not  in  the  least  afcct  ihe  truth  of  (h«  ' 
observations  themselves ;  and  1  have  sent  tlicm  miistlv  in 
own  language,  that  yti  mif^ht  give  them  in  ihni,  or  in  an 
Enelish  dress,  as  you  think  fit,  as  well  as  for  the  purpose  of 
pre&eniing  tliera  to  you  in  ibe  most  authentic  form. 

E.  D. 


X. 

SCIENTinC  NEWS, 


Nm  Map  of  Scotland, 


Mr 


LR.  Arrowsmith  has  been  for  more  than  a  year  engaged  in  u^^  fj^p  oj 
coiuiructing  a  new  map  of  Scotland,  from  original  materials,  Scodand. 
to  which  be  has  obtained  access  by  mean^  of  the  Pariiamcntary 
Commiiisioners  for  making  roads  and   building  bridges  in  ihc 
Highlands  of  Scotland. 

The  elaborate  railiiarj'  suri-ey  of  the  main  land  of  Scotland 
made  in  ibe  middle  of  the  last  century,  and  preserved  in  his 
majesty's  library,  has  been  copied,  and  reduced  lor  the  pre- 
sent map;  and  the  several  proprietors  nf  ihe  Western  Islands 
(lave  coramutiicated  all  their  surreys,  most  of  which  have  beeu 
very  recently  executed. 

Id  addition  to  tbe  astronomical  observations  heretofore 
}inown,  many  latitudes  and  longitudes  have  been  purposely 
ascertained  for  this  map,  as  well  as  a  considerable  number  of 
magnetic  variations. 

This  map  is  to  be  accompanied  by  a  memoir,  explanatory 
of  the  several  documents  on  which  it  has  been  constructed. 

The  publication  may  be  expected  to  lake  place  in  Junuaiy 
or  February  next. 

Mcilicti 


j|92  tezBVTTnc  vbwI. 

Medical  Thtairt^  St.  BartMamew't  Haspiiaf. 

Medical  The  following  courses  of  lectarei  will  be  deliveied  al  thii 

Thcftire.  theatre  during  the  ensuing  winter : 

On  the  theory  and  practice  of  medicine,  by  Dr.  Robnu 
and  Dr.  Powell, 

On  anatomy  and  physiolqgyt  by  Mr«  Aberoetby.- 

On  the  theory  and  practice  of  surgery,  by  Mr.  Abeneliij. 

On  comparative  anatomy  and  the  laws  of  organic  oiit- 
enoe,  by  Mr.  Macartney, 

On  chemistry^  by  Dr.  Edwards. 

On  midwiferyi  ^d  ihe  disefues  of  women  and  children,  by 
Dr.  Thynne. 

The  anatomical  demonstrations  and  practical  aostoof, 
by  Mr.  Lawrence. 

The  anatomical  kctnres  will  b^^ii^  oa  Wednesday^  Octo- 
ber 1,  at  2  o'clock,  and  the  other  lectures  in  the  coone  cf 
the  same  week. 

Further  particulars  may  be  known  by  applying  to  Mr.  NidoU 
son,  at  the  Apothecary's  shop,  St.  Bartholomew's  Hoaptil.  - 
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